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rhe twenty-two organization 


subsidiaries or lhecensec are distributing the 
fruits of Combustion Engineering development, 
design and technique over six continents. Since 
team generation is so basic to industrial ¢ xpan 
ion and improved living standards, Combustion’s 


world wide activities are contributing importantly 
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What’s New from Edward Valves, Inc. 


New Products ... Problems and Solutions. . . Information 
on Steel Valves from Edward, Long-Time Leader in the Field! 


Shoulder, thread and weld make 


Superior Joint 


Edward valve researchers were assigned three main 
goals in developing the Univalve* . first, design a 
globe valve for high pressure-temperature service 
that would stay leak-proof... second, eliminate—as 
far as possible—the necessity for maintenance 
third, fabricate all pressure-containing parts of forged 
steel for maximum strength and soundness. 

How well they succeeded is illustrated by this fact: 
in many hundreds of advanced temperature-pressure 
applications all over the world, Edward Univalves 
have given consistently superior service. The reason 
for this is simple... Univalves, properly maintained, 


simply do not leak. 


WELD SEALS JOINT 


In the Univalve, a bead of fine-grained weld seals 
the body-bonnet joint to maintain perfect pressure 
tightness in any service. A guiding section above the 
threads protects them from the seal-weld; the threaded 
section and body shoulder carry the pressure load and 
insure accurate alignment. The rugged threaded bon- 
net—with opening just large enough to accommodate 
the stem—provides a pressure-tight backseat. The 
radiused disk nut contacts the beveled bonnet back- 
seating surface... isolates packing from line pressures 
and temperatures .. . stretches packing life. 

While the Univalve rarely needs attention, even its 
tough integral Stellite seating surface can become 
scored under some conditions. To strip for inspection 


IDEAL FOR BLOW-OFF SERVICE. Univalves meet ASME Code for 
blow-off service and are adaptable for all high pressure installations. 


and possible re-lapping, the seal-weld is easily removed 
by machining or grinding or with carbon are or oxy- 
acetylene scarfing tip. Besides simple disassembly and 
positive backseat advantages, Univalve’s one-piece 
gland eliminates possible small parts loss during re- 
packing 


IMPORTANT UNIVALVE FEATURES: 


Streamlined Flow Path reduces pressure drop, minimizes 
wear producing turbulence. Univalve meets requirements 


for blow-off service, 


Simple Packing Adjustment keeps packing maintenance 
down. Sturdy gland bolts, roomy yoke, one-piece forged 


gland. 


Easy Open—Tight Close Operation of all Univalves |'," to 
216" made a reality with the exclusive Kdward [mpactor* 


handle, 


Continuous Stellite Ring applied to body and disk, retains 


hardness under temperature and resists wear. 


4500 LB UNIVALVE in service at Ohio Power Company's supercritical 
Philo station 


*T.M. Reg. US. Pat. Off 


EDWARD VALVES, INC. 
Subsidiary of ROCKWELL MANUFACTURING COMPANY 


1206 West 145th Street, East Chicago, Indiana 


Edward builds a complete line of forged and cast steel valves 
from Y_”” to 18”; in globe and angle stop, gate, non-return, check, 
blow-off, stop-check, relief, hydraulic, instrument, gage and specal 
designs; for pressures up to 7500 Ibs; with pressure seal, bolted, 
union or welded bonnets; with screwed, welding or flanged ends. 
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American Blower Gyrol Fluid Drive lets you: 


Take boiler feed-pump power from 
main-turbine shaft... slash auxiliary costs! 


Save price of motors, switchgear, conduit and cable. Release Savings of nearly $500,000 are predicted for two new 


more power to consumer lines. Reduce operating costs. 290-Mw units scheduled for service this vear. Both 
use main-turbine feedwater pumps driven through 


American Blower adjustable-speed Gyrol Fluid 


Drives. 


AUXILIARY POWER SYSTEM 
ARRANGEMENT Savings are threefold: 


yp 

MAIN HIGH = VOLTAGE TRANSMISSION 1. Shaft-end pumps eliminate costly electrical ac- 
cessories necessary for motor-driven feed pumps. 
C reouceo) 2. Auxiliary demands are reduced, so more power 

| can be released to consumer lines. 
| pore 3. American Blower Gyrol Fluid Drive saves power 
TURBINE & BEP over the entire operating range. It offers adjustable- 
GENERATOR “~~ speed pump control that eliminates wasteful throt- 
| ) tling; reduces wear by operating pumps at speeds 

LARGE AUX. MOTOR BUS to fit boiler demands. 


») ) ) In addition, paralleling of pumps is simplified with 
Gy¥rol Fluid Drive. Emergency changeover from 

operating to standby pump is easily accomplished. 


Let an American Blower sales engineer show you 
how Gyrol Fluid Drive can save power, cut costs . . . 


improve operating efliciency. Contact our nearest 


Adjustable-speed, main-shaft drives for feedwater pumps reduce capital branchoflice, or write: American-Standard?* American 


iary power systems, cut operating costs. American Blower 
Class 7 Gfrol Fluid Drives are available to 12,000 hp; speeds to 3,600 rpm Blower Division, Dewoit 32, Michigan. In Canada: 


Canadian Sirocco products, Windsor, Ontario. 


yutlay for auai 


* 
Ame nie an- Standard and Standard ® ave trademarks of American Radiator & Standard Sanitary Corporation, 


American-Standard 


AMERICAN BLOWER DIVISION 
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mediate approval for Yarway 
“Welbond Valves in steam 
power plants everywhere. 
Now available in 9 sizes, 4’ 
to 219”, angle and straight- 
way. Pressures to 2500 psi, | 
temperatures to 1050°F. © 


YARNALL-WARING COMPANY 
100 Mermaid Avenue 
Philadelphia 18, Pa. 


UNIQUE SEAT DESIGN 
Thermal compensating pone 


g 


ELBOND 


REPRESENTATIVE USERS OF YARWAY WELBOND VALVE: Houston Lighting & Power Co. Jersey Central Power & Light Co. Boston Edison Co. Virginia 
Electric & Power Co. Connecticut Light & Power Co. City of Independence, Mo. Aluminum Co. of America City of Pasadena, Calif. Mississippi 
Power & Light Co. Rochester Gas & Electric Corp. Ohio Edison Co. Central Hudson Gas & Electric Corp 
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In its new 20-story Home Office Building in Newark, New Jersey, 
THE MUTUAL BENEFIT LIFE INSURANCE COMPANY 


uss WALWORTH VALVES...100% 


in both Plumbing and Heating Systems 


DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 


WALWORTH SUBSIDIARIES: A! PR e cor Ne ¢ JE VALVE AN ATOR CO. 


e A e WALY RAD AP ANADA, LID. 


November 1958—C OMBUSTION 


‘ 
¥ 
6 


Memorandum: 
To a thoughtful engineer... 


What price tag should an engineer 


place on quality ? 


These two medium sized deaerators look alike. We designed both. They have the 
same outlet capacity, carry similar guarantees and meet the ASME code. But 
one costs $2000 more than the other. 
Which is the better buy? 
Obviously, you would want to know more about each unit in order to make 
a sound decision. Construction to ASME standards and basic guarantees are 
but part of the quality story. The higher priced unit, for example, has far 
heavier shell plate, more tray area and spilling edge, superior shell reinforcement, 
stainless instead of carbon steel baffle, anti-flash downtake. All of these 
features, we have found, are important to continued top performance 
As one of the world’s largest and most experienced manufacturers of 
deaerators, we believe we know which unit is the better buy. Extra margins 
of strength and capacity — wisely selected—are not luxuries but sound 
investments that eliminate downtime and expensive field repairs 
That is why we recommend quality, and why thoughtful engineers a 
insist on quality. If you are considering the purchase of deaerating Witte fot tives 
equipment we are prepared to help you evaluate a// the features that 
mean true economy in service. Ask for Bulletin 4650 on the and applications 
“Why and How of Deaeration” 


Puerto Rico; also Havana, Cuba; Paris, France; La Spezia, Italy; 
3109 N. 17th Street, Philadelphia 32, Pa Mexico City, Mexico; Caracas, Venezuela; Santiago, Chile. 

Philadelphia © New York © Chicago POTTSTOWN METAL PRODUCTS DIVISION 

Cochrane Water Conditioning, Limited, Toronto, Montreal, Winnipeg, Canada Custom built carbon steel and alloy products 
ssure Fillers 


Demineralizers +» Zeolite Softeners + Hot Process Softeners »« Hot Lime Zeolite Softeners « Dealkalizers « Reactors « Deaerators « Pres 


Continuous Blowoff Systems « Condensate Return Systems * Steam Specialties 
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This 75,000 square foot condenser pre-assembled 
and pre-fitted at Maryland was shipped in 5 com 


pact maximum rail clearance sections 


Maryland designed, built, pre-fit and pre-assembled 
this 75,000 square foot condenser in five compact sec- 
tions for accurate and low cost field erection. 


Now being installed at Reesedale, Pennsylvania in 
West Penn Power’s Armstrong Station, this unit in- 
dicates Maryland’s ability to engineer and build 
large surface condensers for electric utilities. It will 
condense 812,819 pounds of steam per hour exhausted 


Maryland’s 5-Piece Condenser 
Designed for Low Cost Field Erection 


| 


5-piece Maryland 
condenser design 


Horizontal division separates 
the neck section (1). The main 
body of the condenser is divid- 
ed both vertically and horizon- 
tally, as shown by sections 
numbered (2), (3), (4) and (5). 


from a 156.250 KW Westinghouse turbo-generator, 
and its full deaerating hotwell will produce condensate 
with no more than .01 cc of oxygen per liter. 


When your plans call for steam surface condensers, 
consider the advantages offered by Maryland’s years 
of engineering experience and facilities for designing 
and manufacturing condensers, of any size. 


Industrial Products Division 


Al 


MARYLAND SHIPBUILDING & DRYDOCK COMPANY 


BALTIMORE 3, MARYLAND ¢ Representatives in Principal Cities 


; 
— 


jie RE’S no substitute for a S-E-Co. CONICAL Coal Distributor — its truly non- 
segregating. You can rely on Stock Equipment Company's attention to details of 
design, layout, and fabrication, backed by years of specializing in this field. Be sure the 
distributor you buy will do the job it’s supposed to do — help your stokers operate more 


efficiently and economically. Get a S-E-Co. CONICAL Non-Segregating Coal Distributor. 


7 STOCK Equipment Company 
| 745-C HANNA BLDG., CLEVELAND 15, OHIO 
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Successful ClaRite Filters 


are adopted by 


Supercritical Installations ceepwarer 


PROVES ECONOMICAL— 
WHERE IMPURITIES 
ARE MEASURED IN 
PARTS PER BILLION 


Due to the excellent results obtained from 
ClaRite filters at the Ohio Power Company's 
Philo plant, Croll-Reynolds Engineering is 


now supplying other supercritical installations 


where high efficiency is required 
operating procedure 


Experience has proved that when ClaRite 
pre-filtration apparatus is installed with 


demineralization equipment, plant 


operations at high pressures and 
temperatures reach previously 


unattained results 


ClaRite filters, using cellulose precoat media 
to protect the demineralizer equipment 


from fouling by Iron Oxide, actually reduce 
the iron content of the condensate to 1 ppb! 


This efficiency is equally noteworthy for 
subcritical, turbine operated boiler 


installations where maintenance costs are 


high and loss of power extravagant 


Croll-Reynolds has pilot plant scale 
equipment available for all types of pressure 
clarification problems. We also offer the 


services of a competent engineering staff 


For further information cal/ or write: 


CROLL-REYNOLDS ENGINEERING CO., INC. 


17 John Street, New York 38, New York 


© 


z 
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A main steam line is K-Welded to the mixing header. There are eight main steam lin t 
the boiler, and four from mixing header to turbine. With inside diameters up to 1.958 in. ands 


thicknesses as much as 2.860 in., sections weigh four to five tons. Main steam header weg 


KELLOGG’S FIELD WELDING KEEPS PACE 


Philadelphia Electric 


During erection of 
Company’s Eddystone Station, Unit No. 1, 


eighty WK-Welds* . . . WKellogg’s inert gas 


shielded technique of manual are welding 


. Will be made by Kellogg on the Type 
316 stainless main steam lines alone. Fol- 


lowing Kellogg’s shop fabrication proce- 


dures on this job, every K-Weld will be 
given a total of four inspections by liquid 


process of being positioned, with section of frat and after heat treatment. teetive wood lagging installed at Kellogg plant 
cold reheat systen ght) partially in place. 

Four boiler feed risers at left rime required to finish and Inspect each 


weld completely on this supercritical, 


heavy-walled piping is e:ght to len working 


days. Further evidence of the magnitude 


and complexity of Kellogg’s ereetion and 


welding assignment is provided by these 


construction photographs. 


Kellogg weleomes inquiries on its com- 


plete service to the power piping industry 


from consulting engineers, engineers of 

power generating companies, and manu 

facturers of boilers, turbines, and allied wet by Ketlos 


equipment. 


Fabricated Products Sales Division, THE M. W. KELLOGG COMPANY, 711 Third Avenue, New York 17, N. Y. 


A SUBSIDIARY OF PE LLMAN INCORPORATE 


nt ‘ Lid wu e nt ‘ Loniion 
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Copes Feedwater Control brings stability 
to high-duty steam generators 


feedwater flow and water level on linear strip 
charts. These charts give a 30-day continuous 
record, with a 3-hour record clearly visible. Stand- 
ard-size recorders are also available. 


Today’s modern boiler design with higher ratings 
and fast load changes requires increased accuracy 
and more sensitive response in regulating water 
feed into the steaming boiler. 

To meet these rigid demands, Copes Type 3-L 
Feedwater Control combines the dynamic balance 
of custom-engineered control valves with the posi- 
tive performance of precision-built instruments. 

Feed to the boiler is modulated by three influ- 
ences steam flow, feedwater flow and drum water 
level. Feedwater input closely matches steam out- 
put on constant loads or during periods of wide 
load changes. A stabilized water level is always 
maintained regardless of changes in load or feed 
pressure, and while blowing down or blowing soot. 


Space-saving instruments record steam flow, 


A complete line... a complete service 

Over 50 years of design experience backs Copes- 
Vulcan’s broad line of control systems for boiler 
cleaning, combustion, feedwater, pressure reducing 
and desuperheating operations. 


Bulletin 1038 shows feedwater control at Seward Station 
This twelve-page bulletin details Seward’s com- 
plete control system. Schematic drawings show 
air flow and fuel loading loops. Boiler drawings 
locate Vulcan soot blowers and wall deslaggers. 
Write for your copy. 


Copes-Vulcan Division 
BLAW-KNOX COMPANY 


Erie, Pennsylvania 
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Type CV-P Valve Type CV-D Valve 


Maximum power with precise positioning is assured with Copes- 
Vulcan Type CV-P Valve. Responsive to most minute changes in 
actuating impulse, this rugged valve delivers top power at the 
valve stem. For less demanding service conditions, Copes-Vulcan 
builds a versatile diaphragm-operated Type CV-D Valve. 


Indicating transmitters send water level 
and flow influences to the computing 
relay where steam-flow and water-flow 
are accurately balanced and water-level 
influence is relayed by air impulse. 


Miniature recorders and transfer panel 
are ideal for console-type or graphic 
panels or for compact grouping on exist- 
ing panels. Conventional recorders of 
standard size are also available. 


Compact beam-balanced type comput- 
ing relay sends an air impulse to the 
controller and auto-manual transfer 
panel, either of which can closely control 
the feedwater valve position. 


Transet controller has been designed 
to provide two-knob turning. Controller, 
transmitters and relays may be field 
mounted wherever most convenient with- 
out respect to location to each other. The right fitting for the job. Copes-Vulcan valves are furnished 
for all capacities and pressures with closely balanced bevel-seated 
plunger and seats of stainless steel with stellite facing when re- 
quired. Ports are job-engineered according to specified flow and 
pressure conditions. Wear on moving parts is minimized. 


Bevel-seated cylinder type Stream-flow type 
Rectangular ports Characterized V ports Bevel-seated 
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Bailey Controls for Combustion, Feed Water and Steam 
Pemperature at the St. Clair Power Plant of Detroit bdison 
Company. The EPC reported a 1956 heat rate at St. Clair of 
9,200 Btu per kwhr, making it the sixth most eflierent plant in 
the Liunited States. 


Why Bailey is the choice of America’s 
most efficient* STEAM PLANTS! 


Fake the top six on the Federal Power Commission's heat automatic control are your assurance of the best pos- 


rate report. Alluse Bailey Meters and Controls. Five of sible system. 


the six chose Bailey evelusively! 2. Experience 
Coincidence? Let take a larger sample. Out of the top have plants work 
16 “most efficient” power plants listed, 38 use Bailey 

' eflieiently for more than forty vears. Veteran engineer 
prentucta a and new engineer alike. the men who represent Bailey, 


t f t are storehouses ol knowledge on measurement and 
1. A Complete Line of Equipmen control, They are up-to-the-minute on the latest dev elop- 


You can be sure a Bailey Engineer will offer the right ments that can be applied to your problem 


combination of equipment to fit your needs Bailey man- 
ufactures a complete line of standard, compatible poeu- 3. Sales and Service Convenient to You 
matic and electric metering and control equipment that Phere’s a Bailey District Office or Resident) 
close to vou Cheek vour phone hook for expert engineer. 


has proved itsell Phousands of successful installations 


invelying problems im measurement, combustion. and ing counsel on your steam plant control problem- 


*6 MOST EFFICIENT PLANTS—1956 Heat Rates Reported by FPC 


Feed 
Combustion Water Supht. 


Control Control 


Btu kwhr Meters 
Control 


. Tanners Creek (Indiana and Michigan Electric Company) 9,106 B B 
Kanawha River (Appalachian Electric Power Company) 9,115 B 
Kyger Creek (The Ohio Power Company) 9,176 
Muskingum River (The Ohio Power Company) 9,176 B 
Clifty Creek (Indiana-Kentucky Electric Company) 9,200 B 
. St. Clair (The Detroit Edison Company) 9,200 B 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD ° CLEVELAND 10, OHIO 


in Canada — Bailey Meter Company Limited, Montreal 
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FIRST... The most powerful generator ever built soon will be 
served by a giant Yuba Surface Condenser which will have 200,000 sq. 
ft. of heat-transfer surface in a single shell. With a Yuba evaporator, 
this Yuba condenser will be in operation in Widows Creek Station #7 
of the Tennessee Valley Authority. The history-making unit it will T W 0 Vi 0) RE 
serve is a 500,000 KW General Electric reheat turbo-generator: 


3600/1800 RPM, cross-compound, double-flow. 


FIRST... Ac Arkansas Power and Light Company, an install- te 53 
ation designed by Ebasco Services Inc. will have a 165,000 sq. ft. 


surface condenser designed and built by Yuba. With seven low and 
high-pressure feedwater heaters from Yuba, this condenser will serve 


a Westinghouse single-shaft, tandem-compound, quadruple-flow turbo- 
generator, the largest of its kind ever built. FO R UJ BA 
Large as these condensers will be, they will also be distinguished 


by other Yuba characteristics. Their advanced design eliminates the 
need for excessive headroom. They will be easy to install, not only 3 () W 4 +f 


because of the minimum foundation work required but also because 


of the precision fit of the sections during re-assembly at the site. 


Furthermore, in operation, they are certain to show low oxygen con- 


tent, high heat transfer, and a condensate temperature considerably E if .. 
above the temperature Corresponding to saturation pressure. U 


This Yuba Surf d 
is Yuba Surface Condenser, 


the same type as those described 


above, is installed in the 


H. T. Pritchard Station, Indianapolis 


Power & Light Company. 


Consulting Enerneers, Gibbs & 


Power equipment engineered and manufactured by 


YUBA HEAT TRANSFER DIVISION 


Production facilities in the west 


YUBA MANUFACTURING DIVISION catir 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Other Yuba Equipment for the Power Industry 


Plants and Sales Offices Seg 


Evaporators Feedwater Cranes Expansion 
Joints 


Heoters 
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The keynote is 


Philadelphia’s most advanced 


refuse disposal plant 


That's why C-E Incinerator Stokers were specified 


In planning its ultra-modern Northwest Inciner- 
ator Plant, the City of Philadelphia has recog- 
nized the important advantages of continuous 
operation — through the use of Combustion’s 
traveling grate stokers. Two C-E Stoker Systems 
are now on order for this plant. Each incinerating 
furnace employs an inclined drying stoker and 
a horizontal burning stoker. Each system will be 
capable of incinerating 300 tons of refuse daily. 

Philadelphia’s choice of ‘continuous process- 
ing’ over the widely-used ‘batch processing’ is a 
matter of sound economics, for every C-E Incin- 
erator Stoker System now operating has service- 
proved its labor saving and reliability attributes. 
From the time refuse is deposited into the self- 
sealing, non-clogging hopper until the residue is 
ready to be hauled away, only minimum oper- 
ating attention is needed. 

Decontaminated refuse, as it is discharged 
from the C-E Incinerator Stoker, provides a 
sanitary, inoffensive fill for reclamation of waste 


COMBUSTION ENGINEERING 


lands, swamps and other recoverable areas. 

Where it is desirable to obtain steam for heat- 
ing, power or process needs, the addition of a 
boiler to utilize the heat produced by the incin- 
erator provides an exceptionally economical 
arrangement. Auxiliary oil-firing equipment can 
be supplied to assure continuity of steam output 
regardless of incinerator load. 

The C-E Incinerator Stoker is designed to 
handle all types of combustible refuse in quan- 
tities ranging upward from 50 tons per 24-hour 
day. 

For further information, please contact the 
Combustion office in your city, or write directly 
to Combustion Engineering, Inc., 200 Madison 
Avenue, New York 16, N. Y. 


INDUSTRIAL REFUSE 
Get rid of industrial refuse, too, with the C-E Incinerator Stoker. 
Add a Waste Heat Boiler if additional steam is required. 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y 


ALL TYPES OF STEAM GENERATING. FUEL BURNING AND RELATED EQUIPMENT NUCLEAR REACTORS. PAPER MILL EQUIPMENT, PULYERIZERS; FLASH DRYING SYSTEMS: PRESSURE VESSELS; SOIL PIPE 


C-176 
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Engineering drawing of the Northwest 
Incinerator Plant. The highlighted 


area shows the C-E Stoker system. 


~EINCLINED 
DRYING STOKER 


(CBURNING STOKER 


OUST 
COLLECTOR 


ASH REMOVAL | 
} CONTAINERS { 


HIGHLIGHTS OF C-E DESIGN 


Large hopper and chute provide sealed, continu- 
ous supply of refuse. 


Feed of refuse is unobstructed, non-clogging. 
Advance of fuel bed from front to rear is positive, 
continuous. 
Supply of air to fuel-bed is zone-controlled. 

» Residue is discharged continuously from grate 
surface. 


Operation is easy — no heavy stoking or cleaning 
of fires. 


Architect's drawing of Philadelphia's Northwest Sanitation Facilities. 
Day & Zimmermann, Inc., consulting engineers. Carroll, Grisdale 
and Van Alen, Associate Architects. Tynan Incinerator Co., incinerator 
contractor. David M. Smallwood, Commissioner, Abraham Michaels, 
Chief Sanitation Engineer, Department of Streets, City of Philadelphia 


‘ 

| 
| 


Chrome cast iron — most suitable material — is 
used for grate surface. 


Wide keys over driving chains prevent fouling. 
Grate elements are easily replaceable. 

Steel driving chains take all tension. 

Take-up mechanism is easily accessible at front. 
Maximum availability is assured. 

Stokers are applicable to largest incinerators. 


Less labor is required than with any other burn- 
ing method. 
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STOPS VALVE LEAKAGE 


at high pressures 


Ihe Thermodise Seat in Consolidated “Maxitlow™ Safety Valves 
solves the problem of valve leakage at high pressures, saves steam 
und reduces maintenance 

Research has shown that when a safety valve on high pressure 
service reseats after popping, a small amount of leakage occurs 
momentarily between seat and dise before the valve seals off and 
becomes tight. This leakage is comparable to steam flow through 
small, individual orifices 

When a small steam leak exists at some point on the valve seat, 


the area near the point is cooled by the refrigeration effect of the 


escaping vapor. The metal tends to contract causing slight defor- 


mation of the seat. This acts to increase the gap size between disc 
and seat bushing at the leakage point. The size of the gap increases 
rapidly until the rate of leakage becomes extremely high. 

The Thermodise Seat prevents seat distortion and consequent 
leakage with a seat element recessed to form a thin wall at the 
area of seat contact. This design permits a high rate of heat-trans- 
fer in the metal that eliminates all thermal differences. 


Consolidated “Maxiflow The result is a degree of tightness, essential to the operation of 
Safety Valve 

Type 1700 Series 
Sizes: 142" thru 6 For complete details, write for Bulletin 707B 


safety valves in high pressure services, never previously achieved. 


CONSOLIDATED SAFETY VALVES 
A product of 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division « Stratford, Connecticut 
In Canada: Mannine, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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TURBINE GENERATOR 


— =— CIRCULATING} 
BOILER FEED PUMP CONDENSATE PUMP WATER PUMP 


3. FLUID HANDLING GROUP 


LOOK ALL THREE 
FOR POWER 


Power plant reliability often depends on the effect of one component of the Fluid 
Handling Group on another. As the manufacturer of all major components of 
this group, Worthington has a reservoir of experience and knowledge that can 
benefit you. This ““system-wise experience” with modern complex plant equipment ae 
ean help solve your fluid handling problems. To put “system-wise experience” 
to work get in touch with your nearest 

district office. Worthington Corporation, ‘1G 
Harrison, New Jersey. 


WORTHINGTON 


GENERATING | 2. ELECTR 
2 - 
ae 
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...With Cooper -Bessemer 
air Compressors for 
soot blowing service 


Increase boiler capacity, 


Steam stations everywhere profit from multi-stage Cooper- 
Bessemer M-Line air compressors used to clean slag and ash 
deposits from boiler unit surfaces. Por example, four steam 
stations of Southern California Edison Company, the Sayre- 
ville station of Jersey Central Power & Light Company, the 
Breed Plant No. 1 of Indiana and Michigan Electric Com- 
pany, and the Philip Sporn Plant Unit No. 5 of the Ohi 
Power Company .. . all depend on the experience and effi- 
ciency offered by Cooper-Bessemer. 

You'll find air cleaning with Cooper-Bessemer equip- 
ment the most effective and economical answer to a con- 


tinuing problem. Automatic regulation, heavy-duty con- 


| 

L 


TO MEET 
SEVERE SERVICE 
REQUIREMENTS 


Direct motor-driven multi-stage centrifu- 
gal compressors for sizes from 3000 cfm 
free air and up. 


Extreme accessibility is another plus feature of motor-driven FM compressors in the 
Sayreville station of Jersey Central Power & Light. 


This compact Cooper-Bessemer FM compressor, rated 500 hp at 400 rpm, cuts trouble ont , 
costs ot the generating station. 


availability and efficiency 


struction and a range of horsepower sizes offer you the 


ideal unit. 


For your next steam generating unit, check with 
Cooper-Bessemer for the latest in soot blowing services. “wee” 
Sizes are available up to 10,000 hp in both reciprocating and 
centrifugal designs. Write for additional information. 


Grove City « New York e¢ Chicago 


Washington «+ San Francisco + Los Angeles *« Houston « Dallas ENGINES: GAS - DIESEL - GAS DIESEL 
Odessa *« Pampa «¢ Greggton « Seattle « Tulsa « St. Louis COMPRESSORS. RECIPROCATING AND CENTRIFUGAL 
Kansas City * Minneapolis *« New Orleans ¢ Shreveport ENGINE OR MOTOR DRIVEN 


COOPER-BESSEMER OF CANADA, LTD... . 
Edmonton « Calgary + Toronto « Halifax 
COOPER-BESSEMER INTERNATIONAL CORPORATION ... 
New York Caracas * Mexico City 


| 
— sizes from 7000 cfm free air and up. 
| 


= 
© 
© 
— 
© 
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pigments starts with 


LECTRUNITE Boiler Tubing 


Keeping pigment production up is a big job that For dependable boiler, condenser, heat exchanger 
3 demands power plant dependability. And depend- operation, specify Republic ELECTRUNITE. For ad- 
3 able power starts with Republic ELECTRUNITE* ditional facts call your Republic representative or send 
Boiler Tubing at the new Ardian Joyce Works of — the coupon below. 


the Chemicals-Pigments-Metals Division, The QUALITY YOU CAN MEASURE —FARROWTEST '! Not a laboratory theory, not 
Glidden Company, Baltimore, Maryland. a mere inspection tool, but an exclusive production test that detects and 
rejects defects of critical size. FARROWTEST is offered as an alternative to 
other less positive tests in accordance with table below, at no extra cost 


Power for this pigment production comes from 
units of 70,000 pounds per hour with 725 p.s.i. 
saturation temperature. These units were designed, 
* constructed, and installed by Riley Stoker Corpora- 
tion. Republic ELECTRUNITE was used throughout 
for the boiler waterwalls and the economizer. 

Republic Tubing was installed with the assur- 
ance of built-in quality. ELECTRUNITE is made 
of highest quality flat-rolled open-hearth steel 
produced in Republic’s own mills to Republic’s 
rigid specifications. FARROWTEST REJECT TABLE 

Each length of Republic ELECTRUNITE Boiler 
Tubing is hydrostatically or electronically tested to Wall Thickness | | 
conform with the applicable ASTM specifications ae | 
and the ASME Boiler and Pressure Vessel Code, as 20 ga. -006"" 

| | 
| | 
! 


Minor Dimension 
of the Defect 
(Length or Depth) 


Length X Depth Area 
in Square Inches 


well as local, state, and boiler insurance require- 16 ga. 121% of Wall 


ments. Stress values for Republic ELECTRUNI 14 and 13 ga. 12'2% of Wall 
. I ¢ ELECTRUNITE 12 ga. and heavier 121%, of Wall 


tubes are the same as those for tubes made by . 


other processes for temperatures up to 850°F FARROWIEST detects and rejects not only tubing containing defects 
mean tube temperature Various sizes and walt which completely penetrate the wall; but also tubing with defects 

é ; “ . < < equal to, or greater than, those shown in this table. Where required, 
thicknesses of ELECTRUNITE are available for sensitivity of FARROWTEST equipment can be calibrated to reject 


defects of lesser specified area than shown in table, at extra cost 


pressures over 2000 p.s.i. 


; 208 EAST 131ST STREET - CLEVELAND 8, OHIO 


, Please send additional facts and literature 
Wolds Range FLeCTRUNITE Boiler Tubes 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION 


Prec TRUNITE Heat Exchanger Tubing 
Carbon Stainless FARKOW TEST Brochure 


of, Standard Stacks andl 


Firm 
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“Buffalo” believes in design- 
ngs specific se parate fans to 
performance 
merely 


meet different 
requirements not 
offering variations of the 
same basic fan design to meet 


varying needs. 


Shown here are three of the 
many fans in the complete 
‘Buffalo’ line engineered to 
cover every type ot heavy- 


duty industrial and power 
plant application 
These three “Buffalo” Fans 


the “CR”, the “BL” and 
the “BLH” 
fulfill your central system or 
dratt 


ments with the highest pos- 


are designed to 


mechanical require- 
sible efhiciency, dependability 
and overall economy. Behind 
these fans are the 81 
of “Buffalo” 


engineering experience, plus 


years 


research and 


up-to-the-minute design im 
provements, to insure a long 


lite of useful service. 


Whatever your requirements 
for heavy-duty air moving, 
whether tor mechanical 
draft or ventilating purposes, 
there's one right “Buttalo” 
fan to do your job best. For 
expert engineering assistance, 


“But 


Representative or 


contact your nearest 
falo”’ 
write for the Bulletins cover 


ing your needs, 


Every “Buffalo” Fan features the famous “Q” 
built-in QUALITY that provides trouble-free satisfaction 


and long life. 


“BUFFALO’ MATCHES FAN TO REQUIREMENTS 


The “Buffalo” Type “CR” Radial Blade Fan was specially designed for 


heavy-duty industrial and power plant service. It has gained wide acceptance § 
for induced draft applications, particularly with stoker-fired or pulverized s 


coal boilers. It is extensively used throughout the stecl, cement, mining and 
many other industries. The rugged construction and wear-resistant qualities 
ot the “CR” assure a long lite of maintenance-free service. Its high capacity, 


high pressure performance may enable you to utilize a smaller, less expen 


sive fan for many direct-connected requirements For tull information on 


the “Buffalo” Type “CR” Fan, write for Bulletin FD-205 


| actor the 


CANADIAN 
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EXACTLY=FOR ALL HEAVY-DUTY AIR MOVING 


The “Buffalo” Type “BLH” Fan is unsurpassed for 
Classes and IV mechanical draft and ventilating 
service. A combination of ‘Buttalo enginecring features 
insures a new high in performance over a broad efh 
ciency range. The uniquely-designed housing provides 
smooth, streamlined air tlow, extremely high static 
conversion and excellent pressure distribution at the 
fan outlet. Distortion-free inlet and smooth, backward- 
curved wheel blades also contribute to the “BLH” Fan's 
highly efficient performance and exceptionally stable 
Operation the entire range from. tree delivery tO 
shut-off. A long, trouble-free life is assured by the 
traditionally sturdy “Buffalo” construction features. Write 
today for Bulletin F-200 


The “Buffalo” Type “BL” Fan is ideally suited for most 
conditions in Classes | and I] mechanical draft service 
and central system ventilating applications. High static 
efhciencies and minimum noise levels result from the 
unique “Buffalo” all-streamlined design of inlet, rotor 
and housing. The fixed inlet guide vanes and deep drawn 
smoothly-curved inlet bell properly distributes the air 
flow into the wheel, minimizing inlet shock loss 
Backward-curved blades provide the desirable non-over 
loading horsepower characteristic. Long-lived dependa 
bility is insured by such rugged construction features as 
die-tormed and welded components. Write tor Bulletin 
F-102 today 


AIR TEMPER 


BUFFALO FORGE COMPANY 


BUFFALO, NEW YORK 


E 


FORCED DRA 


HEATING 


BLOWER & FORGE CO..LTD., KITCHENER. ONTARIO SSURE BLOWING 
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Hagan Dust Collector 
proves 96.5% efficient 


on clinker cooler at 
Dragon Cement Company 


One of two 173 tube units recently installed 
at the Dragon Cement Company, Northamp- 
ton, Pa., this Hagan Dust Collector passed 
ASME Power Test Code No. 21 with flying 
colors. The test was conducted to determine 
efficiency and to show compliance with re- 
quirements of Lehigh Valley Air Pollution 
Control. Conducted to the satisfaction of R. 
Emmet Doherty, Director of LVAPC, results 
indicated that the Hagan Dust Collector, 
handling 38,000 cfm at 490F, was operating 
at the highly satisfactory efficiency of 96.54. 

Local codes demand a stack emission of 
not more than 0.25 grains per cubic foot. The 
Hagan Dust Collector is holding stack emis- 
sion to 0.0437 grains per cubic foot, less than 
one-fifth of the permitted total. 

The two collectors recover more than 9500 
pounds of cement dust every 24 hours. This 
is returned to process, so that not only is a 
local dust nuisance ended, but valuable prod- 
uct is salvaged 

Efficiency and product recovery are two 
of the many reasons why Hagan Collectors 
provide substantial savings to industry. But 
the most economical feature of the Hagan 
Collector is its ability to resist abrasion. 
Selective Particle Acceleration, an exclusive 
Hagan development, reduces wear on tubes 
toa minimum. Hagan Collectors, working on 
flue dust and other extremely abrasive ma 
terials, show negligible wear after more than 
three years service. 

Put this economical Collector to work in 
your plant. Ask a Hagan engineer to explain 
how the Hagan Collector can save you money 
in your plant, or write for Bulletin MSP-124A 


CONTROLS, INC. 
=| HAGAN BUILDING, PITTSBURGH 30. PENNSYLVANIA 


OIVISION CALGON COMPANY, HALL LABORATORIES 


ORPORATION (CANADA) LIMITED, TORONTO 
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POWELL 


world’s largest family of valves 


Fig. 3003 WE Steel Gate Valve for 
300 pounds. Outside screw rising 
stem and yoke, bolted flanged bonnet 
srge Iron Body Bronze Mounted Powell steel v alves are available for 
pounds WP. Outside screw pressure from 150 through 2500 pound: 
nd yoke Solid wedpe disc. Valve Fig 11313 Steel 1500-pound Pres: 
in be supplied with split wedge di: Gate Valve with By pass. Sizes, 4 
inclusive. By pass valve is Fig. 13 
| A Small Steel Integral Bonnet 1500 pound Integral Bonnet Valve 
ngle Valve for 1500 pounds. One-piece 
truction, compact design. Socket weld . Fig. 37/5 Bronze Gate Valve for 200 pounds 
WP Union bonnet. inside screw rmsing 


Yr" 500 pound 
’ tem. Renewable accurately puided nickel 


wWallable in sizes Y ) 
) bronze solid or split wedge d 


ound 


he furnished w 


A solution for every kind of flow control problem js is Neu as your local 
Powell distributor. Powell valves are designed and engineered in the largest variety of metal 
and alloys, to handle any medium, every flow control requirement. There are Powell 


distributors in all principal cities. Or, if yours is a special engineering problem, write to: 


THE WM. POWELL Company »* Dependable Valves Since 1846 « Cincinnati 22, Ohio 


COMBUST IO N—November 1958 27 


4 
. 
| 
a 
Ct 
2 
+ >. > i 
valves al 
| 
| 
4 Fig. 19084 Steel Pressure Seal 
% Globe Non return Valve for 90 
i ear operated Car cacy 
pear 
7 


For Southern California Edison Company’s 


new Huntington Beach Steam Station’... 


~ 


* Bechtel Corp., Engineers & Constructors 


Ingersoll-Rand 


axial-inlet condensers 


will serve each 200 MW unit 


Designed for an eventual four units, the first two 
units of the new Huntington Beach Steam Station 
are now under construction. Turbines are cross- 
compound axial exhaust, 2400 psig., 1050 , 1000 , 
3600 1800 rpm. As indicated above in the artist's 
rendering, these units will be served by axial-inlet 
condensers, specially designed for this installation 
by Ingersoll-Rand. These I-R condensers are 2-pass 
units, each with 110,000 sq ft of surface. 

In addition to the surface condensers, Ingersoll 
Rand is furnishing the following associated 
equipmert: 


5 boiler-feed pumps rated 2020 gpm at 6400 ft 
TDH 


4 vertical condensate pumps, 3-stage, rated 2500 
gpm at 350 ft TDH 


5 condensate booster pumps, rated 1851 
gpm at 1970 ft TDH. 


vertical condenser circulating pumps, rated 
44,000 gpm at 35 ft TDH. The columns and dis- 
charge head sections are lined with Fiberglas. 


s{-am-jet ejector units, 2-stage, single-element 
with surface-type inter and after ¢ondensers. 


horizontal reciprocating vacuum pumps each 
driven by a 100 hp electric motor. 


This installation is another dramatic example of 
Ingersoll-Rand’s ability to meet the requirements of 
the modern steam plant...with advanced design 
surface condensers, pumps and associated equip- 
ment. Your I-R engineer will be glad to help you 
determine the equipment best suited to your 
requirements. 


Ingersoll-Rand 


4-874 11 Broadway, New York 4, N. Y. 


THERE'S NO SUBSTITUTE FOR EXPERIENCE IN ENGINEERED PRODUCTS 
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NEW CYLINDRICAL BODY SHAPE NEW, STRONGER HEX ENDS, better inte- 


—a proven design on high-pressure steel grated with body, eliminate sharp contours, 

J valves—increases strength without added bulk, give entire valve more rigidity under line 

F “| distributes pressure load uniformly, resists dis- strains. Wider hex faces allow firmer wrench 
| tortion and leakage at seats. grip for easier installation. Marring less likely. 


COMPLETELY NEW—loaded with 


improved service features inside and 


out. Two complete lines: rising stem pat- 
tern (No. 634E—cross section shown), 
non-rising stem (No. 636E)—both in 
sizes Y% to 3 in. incl., with screwed ends. 


NEW, EXPANDED-TYPE BODY RINGS NEW EXELLOY, 12% chromium stee! body 


insure long, tight-seating service life. They're rings give a hard bearing surface, highly re- 
See below for literature : 

rolled in, can't work loose. Shoulder at bot- sistant to wear, indentation, scoring and foreign 

tom of end threads restrains excessive entry matter damage. Easily replaced bronze disc 


of pipe against possible seat damage. takes the brunt of normal wear. 


New design for tough service...easy maintenance 
300-Pound Wedge Disc Bronze Gate Valves 


Rising Stem and Non-Rising Stem Patterns 


A new body shape that distributes greater assure ultimate durability ... new ease of J 
strength uniformly against internal stresses application . . . low-cost repairability. And ~~ ew | 
and external strains . . . better integrated they’re priced no higher than ordinary 300- & CRANE 
hex ends, huskier and wider, that add to pound integral seat bronze valves. SY cart Vans 
body rigidity and give a firmer wrench Easy to Repair—The Disc Takes the Wear —— 
grip . . . new rolled-in, high wear-resisting After long, hard service the hard Exelloy Circular Gives The Facts 
alloy body rings that don’t work loose .. . (12% chromium) body rings show no 


For complete technical data on 


easily renewed wedge disc—these are appreciable wear. Normal seating wear is both rising stem and non-rising 
typical important features of new Crane taken by the bronze disc. When needed, stem oe a 
bronze gate valves. a new disc, easily slipped onto stem, pro- your Crane Gapresentalies, of 
On your toughest services, these valves vides a practically new, tight-seating valve. by writing to address below 


CRAN E. VALVES & FITTINGS 


PIPE PLUMBING HEATING AIR CONDITIONING KITCHENS 
Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 


29 
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Oak Creek Station of Wisconsin 
Electric Power Co. uses 4 Pratt 
72” Rubber Seat Butterfly Valves 


MILWAUKEE...Pratt Butterfly Valves offer 


“two valves in one” for pump discharge 


Pratt Rubber Seat Butterfly Valves in pump discharge service can be 


made to open and close in synchronization with pump operation, AND 
they close drop tight—combining, in a single valve, the functions normally 
achieved by separate shutoff and check valves. The simple combination 
of disc, shaft and efficient closure provides years of dependable 


performance without maintenance problems. 


Pump discharge valves at Oak Creek Power Plant are hydraulically 
> . > tro- j t i f = 

operated with oil motors. The electro-hydraulic system includes a bank Ratt. 

accumulators and complete auxiliary manual controls to permit operation Ray F. Egebrecht, Pratt Representative, 

9: inspect hydraulic power supply. 

under any emergency condition. : 

Pratt pioneered the use of rubber seat butterfly valves in power plants, and 

today offers the greatest aggregate experience on butterfly valving in 


the power field. For valve design— with imagination — see Henry Pratt. 


Have you sent for your copy?...of Pratt's 40 page 
Manual of Rubber Seat Butterfly Valves. Useful—con- 
tains latest pressure drop and flow data, conversion tables, 
butterfly valve theory and application. CATALOG B-2D. Interior of hydraulic control cabinet. 


HENRY | RUBBER SEAT 
putterfly Valves 
Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 
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H-W PLASTIC REFRACTORIES 


make durable, efficient and economical 


BOILER 
FURNACE 
SETTINGS 


Harbison-Walker Plastic Refractories 
comprise all the kinds best adapted for 
the many different operating conditions. 
They form solid, joint-free linings includ- 
ing arches and bridge walls having physi- 
cal properties closely similar to the cor- 
responding classes of refractory brick. 


H-W STANDARD PLASTIC FIRE BRICK is a 
dense-burning, uniform refractory made of 
the same clean, high purity flint clay of hard 
burn and plastic bond clay as are used in 
the best high duty fireclay brick. 


H-W SupeR PLASTIC FIRE BRICK possesses 
the properties of super-duty fireclay refrac- 
tories and is used economically in applica- 
tions where temperatures exceed the limits 
for H-W STANDARD PLASTIC FIRE BRICK. 


H-W Super Puastic CS takes a cold-set 
after drying in the low temperature range. 
This added strength prior to the development 
of the usual strong ceramic set is especially 
desirable for certain furnace installations. 


APACHE PLASTIC FIRE BrIcK is the high- 
alumina plastic refractory which withstands 
the highest temperatures to best advantage 
and is most resistant to chemical attack by 
corrosive slags. 


Write for complete information about 
these leading Harbison-Walker plastic 
fire brick. 


COMBUST IO N—November 1958 


Boiler furnace setting made of H-W PLASTIC FIRE BRICK. This monolithic construction 
is economical to build and gives excellent service under severe working conditions. 


HARBISON-WALKER REFRACTORIES 
COMPANY ano sussipiaries 


General Offices: Pittsburgh 22, Pennsylvania 


PLASTIC FIRE @RICK stabs 
reudy for received. 
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BURNING 


COST? 


If your boiler, like most, annually consumes its first cost in fuel ...even 
a fractional per cent efficiency drop can mean substantial dollar loss. 


Holding a boiler to design-engineered efficiency starts with highest 
standards of operation—continues when these are matched by equally high 
standards of maintenance. 


Apexior Number 1 internal protective coating establishes for the lifetime of any 

boiler, at pennies-per-square-foot cost, the ultimate in sound, clean surfaces. Apexior- 
coated tube and drum steel, free from heat-transfer barriers, puts b.t.u.’s to work more 
efficiently over longer in-service time—thus helps a boiler meet easily ...or even better... 
designer-operator expectations for economical perfomance. 


“The Apexior Number 1 Story” wili tell you more about this coating for wet-heat service, simple to apply in 
one brush coat to boilers, including tube interiors, evoporators, deaerating and feedwater heaters, steam 
turbines, and all types of pressure vessels using steam for processing. Request your copy no obligation. 


Ask, too, about Dampney 

silicones and ceramics for 

dry-heat protection to TH E 

1000 k Dampney Sil- (MAINTENANCE 

icone oating and Ma-Lox FOR METAL 

comprising, with Apexior Num , 
ber 1, one area of Dampney’s v v c O M P AN Y 


specialization in maintenance 
ones HYDE PARK, BOSTON 36, MASSACHUSETTS 
coatings for metal in corrosive 
environments. 
20¢ 
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New Removable Stator Design, ‘Canned’ Motor-Pump (exploded cutaway view 
y 


For better boiler circulation...specify 
Westinghouse “canned” motor-pumps 


Controlled circulation boilers equipped with 
Westinghouse ‘‘canned’’ motor-pumps have a 
higher unit efficiency, are more reliable and are 
easier to operate and maintain. 
The pump and motor casings completely enclose 
the pump shafting...Conventional shaft seals and 
complicated seal injection systems are eliminated. 
Watertight Inconel cans encase the rotor and 
stator All windings are dry and clean for 
years of trouble-free operation. 


you CAN BE SURE... \ Ve 


we TINGHO BA 


New unit construction of stator and rotor 
permits easy, fast (24-hour), in-your-shop inspec- 
tion, overhaul and repair. . . Reliability and avail- 
ability of pumps are at a maximum. 

For more information on how Westinghouse 
“canned”? motor-pumps will improve controlled 
circulation boiler performance, contact your West 
inghouse sales engineer, or write Westinghouse 
Electric Corporation, Atomic Equipment Depart- 
ment, P. O. Box 217, Cheswick, Pa. J-57011 


stinghouse 


VOAYS 


ty 


Rockwell-Built REPUBLIC 


serve any process, 


November 1958—C OMBUSTION 


ela 
v 
each instrument , 
v1 
Temperature 
Transmitter 
P 
VSR 
Reloy g 
Relay 
34 


SERIES INSTRUMENTS 


cut costs too: Youcansave substantial money 


when your control systems are 
based on Republic’s Null-Balance 


Vector instruments. Each has as , 
P its “heart” an identical pneuma- 

tic component, with obvious ad- 

vantages. Among these are inter- a 

change of parts, even among a 


instruments performing entirely 
VP Pressure 


different functions. Besides in- 


volving a minimum spare parts 
inventory, this feature greatly 
simplifies personnel training. 


Components shown demon 
strate the depth of the Republic 
line. Differential pressure trans 
mitters with 20-to-1 range ad 


Pd justment ... temperature trans 

mitters with 10-to-1 range ad 
Controller 

justment ... pressure transmit 


ters of + 0.55) accuracy. We have 


i ratio, totalizing, multiplying 
, squaring and square root extract 
4 ’ ing relays. Our all purpose con 
trollers feature proportional band 
adjustment of 2°) to 500°, and 
; reset adjustment from 0.1 to 50 
repeats per minute. 
: The Republic Engineer in your a 
area will be glad to work with i 
you on any control or measure 4 
ment problem. Sales offices in 
principal cities throughout the 
United States and Canada. Call . 


or write—with no obligation, of 
course — Republic Flow Meters 


Company, 2240 Diversey Park 
way, Chicago 47, Illinois (sub 
sidiary of Rockwell Manufactur 
ing Company). In Canada: Re 
public Flow Meters Canada, Ltd., 


loronto. 


REPUBLIC INSTRUMENTS 
AND CONTROLS 


ROCKWELL 
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DUST 
‘SHAVE-OFF’ 


BY-PASS 
RE-ENTRY 
OPENING 


This Cyclone 
won't clog 


or plug 


Buell’s exclusive ‘Shave-off design permits large diameter cyclones that will not 


clog, plug, or bridge when properly operated: you avoid unnecessary maintenance work 


or process interruptions. 


The unique Shave-off port traps the dust that whirls upward in double-eddy currents, 


increases cyclone efficiency by eliminating this source of dust reentrainment. Whether 


installed singly or in groups, Buell Cyclones are the 


most efficient ever developed. 


Other features include extra heavy plate construction 


for longer service life, Buell-designed manifolds for 


more efficient, non-turbulent flow of dust-laden gases 


_ and the confidence assured by a history of hundreds 


of installations everywhere in America. Write for a copy 


of the 12-page booklet, “The Exclusive Buell Cyclone”: 


Dept. 70-K, Buell Engineering Company, Inc., 123 
William Street, New York 38, N. Y. 


Large-diameter Buell Cyclones in series with Buell 
‘SE’ Electric Precipitator 


Experts at delivering Betra Eficiency in DUST COLLECTION SYSTEMS 
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COMBUSTION 


Dotting the “I’s’’ and Crossing the “T’s”’ 


The recently concluded United Nations Second Inter 
national Conference on the Peaceful Uses of Atomic 
Energy did not, from all reports we have seen, reveal any 
appreciable change in the economic future for nuclear 
power from that envisioned at the First Conference in 
1955. We recall quite clearly the statement of Ragland, 
O'Neil and Habicht of American Blower Corp. in their 
paper before the American Power Conference of 1996 
following that earlier Conference. We quote, “Despite 
the romantic lure of atomic considerations the real back 
breaking job that hes immediately ahead is the building 
of this vast proposed outlay of conventional generating 
plants.” Over two years and a recession later the job 
still seems to be one of developing more and better ther 
mal plants 

Unless some new concept ol electric generation can be 
devised the plants resulting from this need for new 
capacity will follow the expected evolutionary advances 
along the traditional lines of a live industry hose ad 
vances will come about as much from attention to detail 
and checking and rechecking the existing scheme ot 
things as from any other cause. Dotting the 1s and 
crossing the t's still is a profitable way of life 
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Such attention to detail and constant rechecking of the 
scheme of things produced two excellent papers to our 
way of thinking at the National Power Conference im 
Boston in September. Both papers were on the ever 
present boiler feed-pump and we plan to publish both. 
The one, “Pumping Power In the Feedwater Cycle” by 
Sam Arnow and J. L. Allen of Philadelphia Electric Co., 
is the lead article of this issue and the second “Evolution 
of the Boiler Feed-Pump Drive’ by R.A. Baker, Publi 
Service Electric and Gas Co., will appear next month, 
goth papers reflect the industry's deep concern with the 
awesome size of today’s boiler feed pumps and then 
proper application. Furthermore, both reveal the madus 
try’s willingness to check and recheck the role of the im 
dividual equipment nnplementing the power cycle 

Chis industry-wide willingness, or compulsion perhaps, 
to constantly examine the existing power plant im its 
every detail keeps the consultant, the designer and the 
suppher on their mettle. As trying as this way of lite 
must be it offers, we feel, the only assurance that our 
power generation needs will be met as they present them 
selves and moreover that the need will be resolved with 
plants of reasonable yet progressive design 
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Although the boiler feed pump may be called the heart of the power plant, it is 
not the whole thing, the authors state, and its position in the cycle must of neces- 


sity be governed by the larger consideration of plant pressure and temperature 
parameters, characteristic of load, cost of fuel, and so on. It will be the purpose 
of this paper to describe some actual pump installations and to discuss the con- 


Pumping Power in the Feedwater Cycle 


1 IS well known that less power is used to pump cold 

water than hot, so that placing the boiler feed pump 

ahead of the heaters results in a saving of pumping 
power; also the shaft sealing problem is considerably 
imiplified. On the other hand the heaters operate at 
higher pressure which not only adds to the first cost of 
heaters, valves and piping, but subjects them to much 
more Severe Operating conditions 

In case of tube failures it 1s infinitely more costly to 
open a high-pressure heater with its complicated and 
heavy closure arrangement than to remove a few bolts 
Which are sutlicrent to keep alow pressure heater 
tight. Moreover, if the feed pump is placed after the 
last heater, the cyele gets the benefit of the tempera 
ture rise im the feedwater due to the work of the pump, 
which is by no means imeonsiderabl In very high 
pressure plants, with a desired maximum water tempera 
ture, this arrangement permits the highest pressure 
bleed to be dropped as much as 15 20 psi with no change 
in final feedwater temperature which in the high-pressure 
range may amount to a better utilization of work 
from the extraction point and result in a better thermal 


evele, hence a considerable monetary saving 


Variable Speed Operation 


\s to variable speed, some power may be saved by 
resorting to a step device but one must consider the 
fact that unless a turbine drive can be incorporated in 
the evele, the attainment of this saving inevitably 
leads to complication of the evele by the need for ad 
ditional equipment, such as speed inereasers and 
hydraulic couplings, and the like, at a high first cost 
plus imereased maintenance The savings are marginal 
at best, and an oceasional loss of the plant due to this 
extra equipment, may well wipe out the theoretical 
saving. In order to show the inherent limit of possible 
savings Fig. | shows a pumping system consisting of 
throttle pressure and friction which varies as the square 
of the flow; the possible saving in power is shown in the 
shaded) area In a boiler feed system, the greatest 
resistance is the boiler operating pressure which remains 
practically constant at all loads Phe power savings 
therefore due to variable speed operation result) from 
having to develop only suflicient power to satisfy the 


system requirements; te., flow and system head rather 


* Contributed by the Power Division of the ASML for presentation at the 
ASME Power Conference, Boston, Ma eptember October | 
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ditions which led to the type of cycle adopted. 


By S. M. ARNOW and J. L. ALLEN 


Philadelphia Electric Company 


than the pump head characteristic (at constant speed 
for the same flow demand. This, being a_ relatively 
minor component of the total system power demand 
can result at best in only a modest saving. However 
if the system resistance consists entirely (or mostly 
of friction, a considerable saving would result. When 
one takes into consideration the linear drop 1 efficiency 
of the variable speed device, the net saving is small 
indeed Moreover when the plant operates near full 
capacity it has the constant drag of some five per cent 
attributable to coupling and or gear losses. All this 
makes artificial variable speed savings of dubious 
validity in a typical feedwater system, if power saving 
is the only consideration. The whole subject of such 
an installation should be approached with extreme 
caution. Many of our investigations showed that the 
possible return did not justify the added capital in 
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Fig. 1—System and pumping characteristics 
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Fig. 2—Pumping arrangement for a superposed turbine 


However as will be shown later, under 


the installation of variable speed 


vestinent 
certain circumstances 
devices may be justified or required 


Specific Cases 


early slogan adopted by 


they 


Many remember the 
pump manufacturers 
reciprocating 
“you 
working at no 
Well 
particular pump under such operation but it would be 
With modern high 
running clearances are very close 


will 
when ittempted to replace 


with centrifugal units; namely, 


a ce ntnifugal 


pulllps 
have to 
flow, it 
perhaps one does not have to worry about that 


don't worry about pump 


will merely churn the wate 


well to have a spare unit available 


efhiciency pumps, thr 
in order to keep inner stage leakage to a 
Since the power requirement at no load, in such a pump 
may well be 55 per cent of full load, the heat equivalent 
of this work will quickly cause the pump to seize, with 
the resultant long and costly repair job familiar to most 
power-plant designers and operators. In order to 
the 
becomes necessary 


flow ot 


prevent such damage (due cither to reduction. ot 


load or the closure of a check valve 
a means for bypassing a minimum 
through the pump at 


if allowed to operate constantly 


to provide 
about 15 
Of course 


per cent such times 
al bypass 
would entail a significant waste of pumping power, so 
to open only if the 


There 


one arranges for the bypass valve 


load drops below a predetermined minimum 
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are many Ways to actuate a bypass device, the dithiculty 
is What to do with the water after it has gone through the 
Phe handled (at) an 
pressure through the 


the 


8 to convert mo mto 


water beimy extremely 


and 


bypass 
high 
valve into a much lower pressure region 


tomperature passes 


valve 
ean do to reduce the water pressure 
high velocity. This energy must be dissipated betore it 


can strike a section. ot fitting and bore right 


through it. Very 
be given to this phase of the 


pipe or 
caretul and sober consideration mist 
problem CX ts 


continuous trouble-free operation 


Case A 


2? shows the heat eyele and pumping arrangement 
installation. The old plant 
Phe topping pressure 
high-pressure 


lig 
turbine 
required to 


of a superposed 
was 21o-psia and and 
temperature 
turbine exhaust which would approximate the 
low-pressure plant 
The 


tandem compound having a crossover pressure ot 


existiny 
Were 


Steam conditions 12500 pst 


and original turbines ot vintage 
wert 
at full load Phis was an ideal operating condition 
for the first: bleed Phere 
driven auxiharics exhausting to 
Moreover all the dual-driven circulating pump turbine 

had ample steam capacity to provide adequate control 
of the load I hie 


water temperature namtamed at about 590 


were a number of steam 


t heater at about pss 


exhaust system pressure at all lop 


could be 
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by a heater utihzing the steam from the HP-turbine 
exhaust which was held constant at all loads This 
meant a feed heating step from 215 F to 390 F which was 
obviously mot economical Phe solution was to imstall 


high pressure turbine driven boiler teed) pumps using 


their exhaust to obtam an imtermedite feed-heating 


tave at say about psi 

Detaled stucdn howed that this was by no means a 
amiple task \t that time, the price of closed heaters 
inereased rapidly beyond the 6GO0-psi pressure range and 
it was therefore decided to divide the pumping work 
between high and low boiler teed pumps with inter 
mediate feedwater heating at approximately 6O00-pst 
Phe power required by the high-pressure pumps was so 
high that the imtermediate heater could not absorb all 
of the resulting exhaust steam \iter a number of 
itte inpted solutions, it was decided to resort to a bleeder 
type turbine for this drive, allowing the intermediate 
heater to condense as much steam as it could and ex 
haust the balance to the S-pst auxihary system. In 
order to tmaintam 75 pst at full load, the exhaust end 
of these turbines had to be restricted and this presented 
ditheult: problems in the event of a heater failure \ 
olution was arrived at by imstalling heaters in duplicate 
as well as three half-size high and low-pressure boiler 
feed pumps. Each turbine was so designed that 1t 
could carry full plant load when operating non 
bleeding thus protecting against the loss of both line 
heaters. This installation has been operating suceess 
fully sinee 


This imstallation was also a superposed job. The 
turbines were a 1924 installation with provision tor 
limited bleeding at about Phe exhaust system 
was maimtamed at l-pst by steam from turbine-driven 


auxiliaries There were, however, existing deaerators 
of the flash type which reduced feedwater temperature to 
177 F corresponding to about 7-psia. The feedwater 


could be heated to about 19S Fo by utilizing the 1-psi 
bleed as compared to the 220 F water available in 
Case A Chis meant that the intermediate heater had 
a greater heat-absorbing capacity utilizing the total 
turbine exhaust making bleeding unnecessary thereby 
allowing the heater to find its pressure level at a balance 
between the available and the usable steam This 
worked out fairly well at all loads except very low and 
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Fig. 4—Southwark stction—heat cycle 


. 3—Chester station—heat cycle 


very high due to excessive exhaust-steam quantities 
For these conditions the exhaust from the boiler feed 
pump turbine was inducted to a suitable bleed poimt ot 
a new condensing turbine imstalled later. 

\n interesting item in this evele is the installation ot 
a 250-psi direct-contact heater. This was necessitated 
by the fact that the eight existing low-pressure boiler 
feed pumps did not have enough pressure margin for 
a closed pumping system and the interposition of the 
‘open heater provided water storage to take care of 
load fluctuation. While at first somewhat tempera 
mental in operation, stability was soon achieved and 
it has been operating excellent fashion. To 
credit let it be said that it never failed because of faulty 
tubes, providing proof that the ancient precept still 
holds, “what you don't have in a power plant, never 


causes trouble 


Case C 

Shown diagrammatically in Fig. 4 is the pumping 
system and evele arrangement associated with duplicate 
165,000-kw units installed at Southwark Station. Thi 
notable item in this installation is not the three half 
size multiple pumping units but rather the utilization 
of a “house turbine’ to provide the energy source for 
all electrically driven auxiliary equipment such as 
fans, Pulllps, and so on Design for this block of power 
generation was begun prior to World War II and the 
paramount consideration was the restarting capability 
should isolation occur because of possible bomb damage 
sy employing a turbine-driven generator, exhausting to 
its auxiliary condenser or atmosphere during a start-up 
period, permitted isolation of this station from the 
Philadelphia Electric Company electrical loop system or 
dependence for electrical energy from an outside source 
was not required. self-starting internal-combustion 
engine and generator were provided to supply the bare 
minimum requirements for lighting-off the boiler. 
A fire having been lighted in the boiler, pressure could 
be increased gradually, the “house-unit’’ started and 
auxiliary equipment energized in their order of impor 
tance to reach a substantial and dependable condition on 
the plant. 

Normally this generator supplies energy to the 
auxiliary buses and the turbine exhausts to the 45-pst 
heater and inducts all excess steam back to the main 


turbogenerator unit. 
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house-unit has a sufficient load so as to make it com 
parable in efficiency to the main unit and actually 
operates in parallel with it. The full-load pressure 
ratio of SoO- to 35-psi and mass flow when carrying 
12,500-kw under steady-state conditions, are suflicient 
to permit the design of a close-clearance and low-leakage 
turbine. 

This arrangement, however, is not achieved without 
hazard and complexity. Extreme caution must be 
exercised and a maximum reliability in the design of 
component must be realized in order to prevent over 
speed (to destruction) of the main unit in the event of a 
throttle trip 
installed (as close as possible to the induction point 


lo this end, an automatic trip valve is 


on the main unit) on the house-unit exhaust so that 
exhaust steam or stored cnergy cannot produce a 
hazardous condition of the main machine Phis valve 
must possess the same degree of rehability as the throttle 
stop valve and is required to act just as quickly. Danger 
also exists should the extraction valve of a feedwater 
heater close in which case all the exhaust steam will be 
inducted back into the main unit rather than being 
partially absorbed by the feed heating evecle If over 
specd should occur, the induction and throttle valves 
close simultaneously 


\s previously mentioned, it will be noted that the 
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This arrangement) proves cconomical because the 
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Fig. 6—Delaware and Cromby stations—heat cycle 


ae Fig. 5—Richmond station unit 9—heat cycle 


high-pressure boiler feed pumps in this installation are 
located after the last heater, thus utilizing the heat 
input for pumping to the best advantage while at the 
same time effecting a considerable saving in capital 
cost of feedwater heaters because of their lower design 


pressures 
Case ID 


Fig. © shows schematically the installation of 
the feedwater evele employed on a 165,000-kw tandem 
compound turbogenerator unit: mstalled at) Richmond 
Station, umt No. 9 
two items for consideration 


A study of this diagram: presents 
First compare this figure 
with Fig. 40 Immediately evident is the lack of header 
valves on the feedwater evele at the boiler feed and 
condensate pulp suctions and discharges, also a lacl 
of cross-connecting piping. “This configuration of equip 
ment minimized the capital investment required tor 
rather costly feedwater valving 


Also it should be noted that only two half-size pump 


are imstalled. These pumps are of the re-entry type 
Being turbine driven they may be speeded up thu 
pernutting three quarter load to be carned by a singh 
pumping cvele \s previously mentioned advantage 


can be made of the two other desirable characterists 
of this eyele; namely, relatively low-pressure heater 


could be purchased and maximum benefit could be 


Fig. 8—Schuylkill station unit 1—heat cycle 


Fig. 7—Delaware and Cromby stations—system characteristics 
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derived from the boiler teed pump power input Phis 
was accomplished by locating the final stage of pumping 
after the highest pressure feedwater heater. more 
economneal discharge piping and valve design was 
arrived at by using the variable-speed turbine drive 
Phe necessity was eliminated for subjecting this equip 
ment to the shut-off head of the pump as would have 
been the case for a constant-speed pump drive. 


hiv. 6 shows the arrangement of the evele on units 
Nos. g and S, Delaware Station and units Nos. | and 
Cromby Station, dated 1952 and 1954, respectively 
(4 coneern is the facet that the high-pressure boiler 
feed Pulps are located ahead of the last two stages ot 


lecdwater heating his position the evele was 
brought about by the suction requirements of the 
pumps (temperature and the cost of feedwater 
heaters 


It should be noted that the high pressure feedwater 
heater © located with the teedwater regulating valves 
located ahead of them pe rnutted the use of considerably 
lower pressure feed heaters than would have been 
required af the regulating valve had been positioned 
it the evele outlet This latter arrangement would 
have required a heater design capable of withstanding 
the “shut-off head of the high-pressure boiler feed 
pumps. Pig. 7 clearly shows this difference in design 

Phe advantages thus realized by this configuration 
are decreased capital investment im feedwater heaters, 
piping, valving, plus decreased pumping costs 
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Fig. 9—Heat-cycle layout of the Eddystone No. 1 Unit 


CASE | 


Somewhat paralleling and analogous to the installa 
tions at Delaware and Cromby is the umit No. | in 
stalled at Schuylkill Station operated in) June 1958. 
\s indicated in Fig. 8, a re-entry type of pump was 
igain utilized \dvantage could) be obtained from 
this type of eycle because the pressure rise 
is so divided between the high and low-pressure cle 
ments of the boiler feed pump that it was possible to 
design the high-pressure feedwater heaters for 2000-psi 
although the throttle pressure is 2400-psi. This pres 
sure of course is sufficient to sustain ‘shut-off’ head of 
the low-pressure element of the feed pump, normal 
operating pressure being approximately 1600-psi, a 
sale margin over 540 F suction temperature even in thre 
most conservatively designed plant. The high energy 
input to the high-pressure pump clement is balanced 
by the return in heat to the teedwater while advantage ts 
taken of the power saving in pumping colder water im 
the low-pressure clement of the same machine 

OF significance in this re-entry pump is the fact that 
by careful arrangement of stages it) Was possible to 
obtain first-stage suction pressure on both ends of thi 
shalt thus facilitating a rather simple method of sealing 
and leak off in a packless-gland assembly 


hig. 9 shows the heat-cyele layout of the most 
recent and largest turbo-generator unit on the Phila 
delphia Electric Company system, Eddystone Station 
unt No. | Designated as a supereritical-pressure 
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conditions of 5000-psi and 

The term critical 
saturation 
which a 


unit, it throttle 
1200 F with two stages of reheat. 
the 


temperature 


pressure may be defined as pressure 


above gas 
cannot be this 
critical state point the specific volume of the gas and 


corresponding to a 
liquefied by compression alone. At 
the liquid are identical and, at a temperature in excess 
of the eritical, it is impossible to have a mixture of 
vapor and liquid. ‘The identifying this 
for water are 705 F and $206-psia. Fig. 10 graphically 
shows the specific volume temperature relationship lor 


values state 


steam and water 

It will be noted on this curve that as temperature 
increases the saturated water volume increases and the 
specific volume of steam at saturation pressure de 
creases as the temperature increases until at the critical 
point the specific volumes of both are identical 
Fig. included to 


temperature-enthalpy the 


has been 


relationships for 


companion 
the 


curve, 
show 
media 
It wall be 
illustrated as 


that on a ‘T-E chart, pressure is 
horizontal line under the 
line. may be thought of as a graphical 
representation of the latent-heat value. ‘Therelore, 
exannnation of the saturation line will make it evident 
that as the latent heat 
until a critical state poimt (5206-psi and 705 

Both oi 
critical poimt are 


call d 
saturation 


ilso 


line 


pressure decreases 


exists, 
at which pomt the latent heat is zero these 


conditions existing at the subjects 
boiler, 


feedwater 


the design of the 
the 
turbine-design 


for serious consideration im 
turbine, and 
evele The Ste 


considerations have been deseribed previously in papers 


iuxiliary equipment for 


and 
presented by the respective manufacturers, Combustion 
Westinghouse Electric Corporation 
enumeration of the and 
qualification the 
critical state poimt, is in order to lay the ground rules, 


Engineering and 
However, an requirements 


imposed by operation ato or above 
so to speak, in the selection ol equipment to satistv the 
pumping requircments 

One obvious requircment tor operation im the critical 
range is that the fluid pressure never be allowed to fall be 
low $206-psi.. If such a condition did exist localized boiling 
would occur. Because of the change in specific volume 


with changes in pressure, serious unbalanced flow might 


OF 


TEMPERATURE 


SPECIF JOLUME - CUBIC FEET PER POUND 
Fig. 10—Specific volume-temperature relationship 


COMBUST IO N—November 1958 


be experienced im the tubing; te 
in the waterwalls or superheater circuits. \s 
flow could not be regulated sufficiently well in the 
individual paths; thus overheating and/or 
could occur in this once-through type of steam generator 
this 


steam-generator 
a result, 


burn out 


sleaml-generator 


through 


Another basic requirement ol 


is that under no circumstance should the flow 
the umit be allowed to drop below approximately ol) 
per cent of 2,000,000 Ib per lir, the full-load flow on this 


machine, 

Although the rated 
OO00-psi, 1200 F, provision also must be made to operat 
the 
approximately three quarter 


turbine throttle conditions ar 


a 8o000-pst machine up to 
load 
pressure unit up to SO00-psi throttle pressure level 


boiler-turbine umt as 


then as a variable 


Arrangement of Heaters and Pumps 


A suitable pumping system to meet the above spect 


fication, together lecdwater 


flow at extremely high pressure, was devised to produce 


with supplying the large 
the maximum flexibility and dependability. Pig. 12 
shows the arrangement of feedwater heaters and pump 
in the Eddystone unit no. | evele 

In order to handle the very large quantity of teed 
parallel Fach 
circuit’ will handle one-half capacity at any load up to 
the 5000-psi throttle pressure when operating im parallel 
If a fault should oceur heaters when at 
full load, the other line wall have a 
mately 60 per cent at a throttle condition on the 
unit somewhat less than the 5000-psi rating 

To meet the 
inlet, the 
required 


water, two circuits were 


im one line of 
rating ol approxi 


very high pressure at the economizer 


use ol two or more stages ol punipimg was 


Three stages were finally settled on wath thre 
high-pressure feedwater heaters being placed between 
the low and intermediate-pressure boiler feed purps 
By positioning the heaters thusly, and dividing the 
about three equal steps, thr 
i 


mto 
could) be 


pressure rise 
| Pp 


fcedwater heaters purchased for 


reasonable low pressure considering the 6300-psi existing 
at the Ingh-pressure pump discharge. Several other 
installations on the Philadelphia Electr 


system at present are operating successfully wath 23500 


C 


psi designed heaters and it is contemplated that sat 
factory results will be produced here since the tull load 
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Fig. 11—Temperature-enthalpy relationship 
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channel pressure will not exceed approximately 2400-pst. 

With the intermediate and high-pressure — boiler 
feed pumps located after the highest pressure heaters, 
they will be handling water at an elevated temperature. 
While this increases the total pumping power sub 
stantially, most of this energy is returned to the feed 


water in the form of heat At full load, the increase in 


enthalpy of 1S Btu results in a substantial gain of cycle 


economy, than the higher power 


requirement coincident with pumping hot water. 


Tore overcoming 


Boiler Feed Pump Drive 


manner in 
Several 
systems ofr The 
system that finally proved most efficient and economical 
was to utilize motor drives for the low and intermediate 
boiler feed pumps and a turbine drive on the high-pres 


The made the 
which the boiler feed pumps were to be driven. 


themselves. 


next decision to be was 


combinations suggested 


sure units 


Reealling the charactenstics of a constant-speed 
motor-driven pump, it wall be that two 


conditions occur which had paramount bearing on the 


recognized 


turbine drives for the high-pressure 
A constant-speed pumping unit 


consideration ot 
feed 

have a 

shut-off 


boiler pumps 


continuously head characteristic 
This tact 
in specific griovity of the 
change over the turbine load range will produce a very 
It is evident therefore, that the 
the 


regulating valves 


rising 
together with the change 
temperature 


will 
toward 
water due to 
high shut-off pressure 
piping 
and the 


boler feedwater between high pressure 


pump discharge feedwater 


would have to be designed not only for the accumulative 
friction drops throughout the system but also for the 
shut-off conditions produced by the pumping units. 
While these characteristics are undesirable at the 
highest pumping level, they were used to advantage in 
the design criteria of the low and intermediate units as 
will be later. shows the overall 
pumping and system characteristics. If a constant- 
unit had been employed the shut-off design 
pressure on the discharge piping would have been 
approximately 9500-psi rather than 6300-psi which was 
effected by the utilization of a variable-speed mechanism. 
Since this feed piping is of the forged and bored variety 
a considerable monetary saving was realized. 

Bearing in mind the fact that this turbo-generator 
unit will have the heat rate of any on the 
Philadelphia Electric Company system it is expected 
to operate at full load as much as possible. The choice 
of a variable-speed drive therefore should be one which 
would not effect the overall the 
Several types of variable-speed producers were considered 
All such 
machines produce inherently a parasite loss which has 
to be evaluated not only throughout the entire operating 
range but what is more important, at peak loading a 
coustant would tolerated with a 
deleterious eflect on the plant efficiency. A variable 
magnetic, fluid or mechanical, falls 
Investigations boiler 


described Fig. 15 


speed 


best 


efficiency of cycle 


for use with constant-speed motor drives. 


loss have to be 
speed coupling, 
into this category. 
feed pump types, indicated that a machine, small in 
physical size, would be very desirable for many reasons, 


relative to 
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Fig. 12—Feedwater heaters and pumps in Eddystone No. 1 Unit 
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among which are shorter bearing span, less staging, 
thinner shaft and less metal thickness throughout 
which is inherently required by the extremely high 
pressures involved. Coincident with small pump size 
is higher rotating speed which in turn necessitates the 
use of a step-up gear with its complexity, losses and 
questionable reliability for a continuous availability 
such as is mandatory for this system. 


Turbine Drive Selected 


The requirements as outlined were a “natural’’ for 
a turbine drive on the high-pressure boiler feed pump. 
Many installations of this type have proven dependa 
bility records both ou our own and other utility systems 

Investigations were made to determine which locations 
would be the mrost economical for obtaining source 
steam and disposing of the exhaust and which type of 
turbine would be most flexible and reliable for the 
service. Recalling that the main turbine is a double 
reheat machine, studies indicated that the proper 
location for the boiler feed pump turbine drive was 
operating between the No. | and No. 2 cold reheat 
Lines. A satisfactory turbine could be designed for 
this location because the full-load inlet and exhaust 
pressures would be approximately 1100-psi and $25-psi, 
respectively This location also exhibited another 
very desirable characteristic; namely, of holding a 
fairly constant pressure ratio over the entire range 
during which it is contemplated the machine would be 
used Reference to Fig. 14 shows that expected opera 
tion range for this turbine drive will be from 30° per 
cent to full-load boiler flow. As explained later the 
3600-rpm constant-speed motor-driven low and inter 
mediate boiler feed pumps will satisfy the system re 
quirements below the 50 per cent Joad (or flow) condition 
It also should be noted that more than adequate energy 
is available between the No. | and No. 2 cold reheater 
points at all loads above the 80° per cent minimum 
pressure level to satisfy the horsepower demands 
An efficient machine was made possible also by reason 
of the fact that large machines, developing approxi 
mately 4000 hp each, at 5000-rpm were required to meet 
the system demands 

Several types of mechanical drive turbines were 
studied Bleeding with one or more extraction pots for 
feedwater heating; condensing; emergency condensing 
and or atmospheric exhaust, and so on. ‘The most 
economical proved to be the noubleeding back pressure 
type. 

Crowding in the staging because of the high volumes 
of steam required to develop the required power over 
the full range of operation plus the volume of steam 
required for extraction to one or more heaters made the 
bleeding type of machine unattractive. When an 
emergency condition of high water in feedwater heaters 
which caused a trip of the extraction valves was con 
sidered this type of unit appeared impractical. 

As the system evolved, a feed heater is located at the 
exhaust of this machine and will preferentially use the 
exhaust steam at a low enthalpy for feedwater heating 
rather than the rich cold reheat steam from the main 
turbine. In this fashion, the excess exhaust only 1s 
injected into the No. 2 cold reheat and a trip out of the 
heater because of high water wall have very little effect 
on the pressure ratio across the boiler feed pump turbine 
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Fig. 13—Eddystone station unit 1—system pumping characteristics 


drive. An atmospheric safety-valve exhaust for limiting 
pressure at this location and a manual bypass are also 
provided for use when overspeed testing with pump 
either connected or disconnected and for turbine washing 
operations. 


Special Requirements 


As mentioned before the imherent characteristics ol 
a pump curve to rise from full load to shut off and the 
change in specific gravity of the water due to temperature 
change were used to fulfill two other requirements 
associated with this supereritical steam-generator unit 
These are At no time should the flow be allowed to 
go below 30° per cent through the waterwalls and at 
all times the pressure must remain above critical 

Again referring to Fig. 15, it will be noted that the 
motor-driven low and intermediate boiler feed pumps 
will develop sufficient pressure to keep the water above 
critical pressure and satisfy the 40 per cent flow figure 
even while a throttle pressure of SOOO psi is bemg maim 
tained. At any intermediate throttle pressure down 
to and including 3500 psi these two pumps (low and 
intermediate) working either single or parallel 
line will assume a greater proportion of the pumping 
load depending on the system curve characteristics 
for the throttle condition selected Pherefore — the 
foregoing requirements are satisiied by proper design 
selection ot pump capacity and the charactertsts« 
head rise of the constant speed units 


Thirty Per Cent Flow 


Perhaps an explanation of the 30° per cent flow. re 
quirement is in order at this time. With the super 
critical steam generator during start-up system ol 
bypassing is used in order to imerease the firmg rate ol 
the steam generator which in turn produces the desired 
throttle temperature of 1000 to 1200 Fas considered 
most economical and suitable for the pressure and rate 
of heating of the many thick-wall parts involved (piping 
and turbine, et Interlocks of course are provided 
to permit starting when flow and pressure are satisfied 
together with requirements for trip out or run back on 
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partial or complete loss ol electrical generator load 
\ system of interlocks also has been developed for both 
the water piping on the suction ol the pumps and on the 
onlin tems to prevent starting the pumps or to 
trip them out should a maliunetion occur m either the 
water or oiling tem This requirement 1s dictated 
by the fact that either the intermediate or high-pres 
ure pump may act as a hydraulic turbine during start 
up, shut down of when load is being carried by the 
low and or intermediate boiler teed pumps 


devoted to the 


Station 


discussion wis 
No. | 


m embodies 


Perhaps extensive 


tem employed on unit Eddystone 
but it ws felt that this desig 


thinking and represents possibly the ultimate im simplic 


a great deal of 


itv for the very complex system requiremetits Cer 
tainly the combined efforts and resource of all parties 
involved, both the manufacturers and the utilities alike, 
were required and generously contributed im order to 
olve the many new and different problems involved 
with such an undertaking 


BRILLIANT industrial panorama has been 
created for the 23rd) National 


Power and Mechanical Engineering, at the New 


xposition ol 


Coliseum, December 1 to 5. Forecasting the bust 


1959, it will portray the 


York 
ness expansion predicted for 
manulacturmg 
with 


mechanisms whereby the 


able to 


methods and 


industries wall be increase productivity 


econome advantage 

Phe Exposition will be held under the auspices of The 
Society of Mechanical Engineers im conjyune 
1958 Annual Meeting. It wall be 
Society and guests associated with the 
fields. 
engineering ol 


\inenean 


tion with its open to 


members of the 


powell and related mechanical 


Continued progress im the power gen 


erating plants has produced a number ot technical im 
provements since the last: Power Show in the Coliseum, 
two vears ayo \ pple ations Ob power in manulactunnyg 


incl an facilities of every description have multi 


plied and tuproved to a noteworthy extent. 


Displays 
00 exhibitors in this nation-wide review will 
the high potential im new and improved 
that and abl industry 


advanees in structural materials are responsible 


Senne 
demonstrate 
equipment is ready to serve 

Bast 
for many profitable change 
closed at the Show \ 


metals have recently come into the pieture, 


; in design that will be dis 
the 


spee 


number of mnovations im 
whilk 
sin non-metallies have made important 


machinery 


tacular advance 


contributions to the improvement ot and 


processing equipment These influences are revealed im 
newly released designs that are characterized by more 
effective stress distribution, improved resistance to con 
tamination and wear and, in many instances, weight 


reduction as well. More discriminating selection of ma 


terials, more dynamic draftsmanship and modernized 


stvling and finish will be evident in many categories 
Moreover, research and development are continuous 


processes Producers whose recently new materials are 


featured in equipment of current design are expected to 
announce a number of still more recent advances 
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23rd National Exposition of Power and Mechanical Engineering 


Future Considerations 


lo predict the location of the boiler feed pumps m 
the heat cycle in a few years hence would be an impos 
sible task such 
reliability of the pumping machine brought about by 
development of better alloys to withstand the corrosion, 
erosion action of water; higher rotating speeds to permit 
the design of physically smaller units for comparable 
the faith placing in 
single rather than multiple or 
and above all the constant demand for more economical 


However factors as the increased 


flows; increased designers art 


spare pulping units; 


systems has constantly brought pressure upon designers 


to resort to ingenious schemes to achieve their goal: 


The constant imerease m main unit te miperature, 
pressure and capacity has been a challenge to the entire 
mdustry Pump manutacturers and designers have 


and thus far have been capable of meeting 
challenge teed 


the heart of the cycle 


ke pt pace 


this continues to 


boiler pump 


remiain 


For instance, a new variety of wrought tron will be 
offered as affording 25 per cent greater re sistance to cor 
rosion than any other wrought iron specification. It 1s 
termed the first change in this material in over 20,000 
years. The same producer will also introduce a new line 
of polyvinyl chloride pipe and sheet 

\nother challenge 1s offered by a produc er of stainless 
and high alloy steel tubing in advocating the use of 
stainless to overcome corrosion and erosion problems ba] 
tain surface condensers “in both fossil fuel and nuclear 
type generating stations 

\t the 


standard materials are offering increased assortments of 


same time, producers of the more familiar 


specifications and shapes. The variety 1s suggested by 
the partial array of a leading line of copper and brass 
which includes long length, dual gage, U-bend condenser 
tubing, condenser tube bundles, drilled tube sheets, bus 
bar and tube, conduit, commutator bars and segments, 
instrumentation tubing, capillary tubes, and flexible 
metal hose, both seamless and strip wound 

One of the headline displays of material will be the 
first show-time presentation of a new acidproot insulat 
ing refractory consisting of a lightweight foam of 99 per 
cent pure silica, which has non-interconnecting bubbles, 
and therefore applicable to many uses where sealing, as 
well as thermal insulation, is required 

This newest member of the glass family consists of 
silica boiled at over 3100 F with a carbon foaming agent 
It compares in density, at 10 to 15 Ibs per cu It, with 
carbon black (97 Ib cu ft), and acid brick (140 1b cu ft) 
It 1s reported to have good dimensional stability, not to 
warp, Shrink, slump, crack or spall under thermal shock ; 
and with 130-210 Ib sq in. and 120-150 
Ib sq in. flexural strengths, to have adequate load-bear 


compressive 


ing possibilities 

A familiar glass insulation is now being pre fabricated 
Its 
applications also include pipe coverings, electrical prod 
ucts, filters and reinforced plastic applications. 


for valves, fittings and flanges by new methods 
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By IGOR J. KARASSIK’ 


Worthington Corp. 


(OUESTION 


Our new 25,000 kw unit is served by two 100 per cent 
capacity boiler d pumps & hich are duplicate of pump 
installed in an older station Recently we had noted a 


very rapid ine n power input to these feed pumps and 


iw our concern over the possibility of premature wear, we 
Vo internal leakage was reported, 
The rotor wa 


fter reassembly 


had them opened u 


nor were the ¢ WCE markedly reased 


cleaned up and the pumps reassembled 

the pump power consumption returned to normal. What 
could have been the cause of the merease in power we had 
noted and why did this disappear after the pumps were 
opene d uf Wie did not re Place any ol the wearing part 


ANSWER 


While you do not mention the appearance of the 
pump parts when the pump was opened up, you do state 
that “the rotor was cleaned up I imagine that your 
maintenance mechames found the impellers heavily 
coated with oxides and brushed them or sandblasted them, 
depending on the degree of adherence of the oxides to 
the impellers 

Caution should be exercised in the interpretation of 
field tests results which show evidence of premature re 
duction in the pump net capacity or of a rapid increase in 
power cousumption. The first conclusions reached gen 
erally are that iternal clearances have increased to the 
\nother 


possibility contemplated is that serious internal leakage 


point that a complete overhaul is required 
is taking place between the stages. However, in a num 
ber of cases, these conclusions prove to be erroneous 
While the use of chromium steels for pumps parts and 
for pump casings of boiler feed pumps ts quite effective in 
resisting corrosion-erosion attack, there still remains the 
problem of oxide formation in equipment located up 
stream of the feed pumps. Various iron compounds are 
formed im deaerating heaters, feedwater lines, heater 
drip systems Phese compounds are quite readily de 
posited on the mternal walls of the impeller waterways as 


well as on the casing walls and external pe Her walls 


* Assistant to Viee President and Consulting Engineer, Harrison D on 
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Steam Power Plant Clinic — Part IV 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will prove 


valuable to our readers. 


Normally, the reduction of the flow areas due to these 
deposits is negligible. However, a few extreme cases have 
in the past come to my attention, where up to O.040-m 
or even O.060-1n. build-up of dark brown oxide had 
formed on each internal impeller wall ins impellers ot 
approximately pin. width Phe reduction im area am 
such cases amounted to between 10 ind 16 per cent 
Obviously, such reduction in area is accompanied by an 
equivalent reduction in pump capacity 

The pump etticieney suffers doubly: first from the reduc 


tion in capacity and second from the fact that the result 


ing profile of the mipeller becomes distorted from: ats 
ideal design shape and the hydraulic efficiencies of the 
impeller and of the pump are unfavorably affected 

The iron compounds deposited on impellers vary trom 
very soft consistencies which can be removed with a 
wire brush to extremely hard, brittle compounds which 
generally adhere quite strongly to the tupeller walls 
and which need to be sandblasted Phese latter com 
pounds are dangerous for another reason, that 1s because 
of the hardness of any broken-off particle If these 
lodge themselves within close mternal clearances, they 
may cause damage to the pump 

Unfortunately, there 1s no ready means available to 
predict the possibility of such a build-up, nor is there 
any assured and safe method developed to remove tt 
without dismantling the pump. On the other hand, there 
are a number of feedwater treating methods to reduce 
or eliminate this condition once it has been detected 
While the proble m of feedwater treatment is extremely 
complex and cach case should be thoroughly analyzed on 
itsown merits, | may list a few of the methods that [have 
seen employed. In one particular case, a program: ol 
dosing the make-up water with a shght amount ot 
was used \ddition of concentrated borer 
water to the deaerator is frequently successful. Since 
dosing with sulfite for oxygen chimiiation frequently lead 
to iron compound build-up, a different method of oxygen 
chimination will generally reduce fouling of the pump 
internals 

But once such fouling has been detected, the proper 
procedure is to imstitute a thorough study of the problem 
by a feedwater treatment specialist 
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PIPE PLUG 


(OUERSTION 
=) TEE OR PIPE 
Our boiler feed pumps are provided % ith recire ulation COUPLING 
hy- passe for thermal protection at light loads The j 
pumps are designed for 400 gpm and 900 ft total head and 4 J 
are driven by 150 hp, 3560 rpm motor The recom fk) 
mended minimum flow is 20 gpm and it ts provided by 
means of an individual by-pass line from each pump 
ahead of the check valve, and returning the deacrating ‘ane cat a 
heater at the pump suction. This line has in ita‘ in | TO HEATER OR 
j R 
orifice 4 in. long, drilled in a piece of stainl steel Be 
cause of the expense of an automatic control, we have in 5 
talled a manually controlled valve to open and close the by eel 
pa The orifice ts followed by an elhow in the return line 1 es 
We find that the high velocity of the water issuing from the 4 
orifice erodes the elbow in less than two months. What can PAA 
he provided to eliminate this difficulty’ 
ORIFICE STAINLESS STEEL ROD 
\NSWER 
Phe deseription of the installation indicates that great 
care has been taken to protect the pump against over <s<- FROM DISCHARGE 
LINE OF PUMP 
heating when operating at light loads. By rule-of-thumb 
methods, the amount of by pass provided would limit Fig. 1—Suggested proper orifice and piping arrangement calls for at least 
the temnerature rise to 15 F which is generally the recom 12 in. to 18 in. of straight run between orifice and a tee take-off to the 
‘| 5 : heater, plus another run of straight pipe to a second tee fitted with a stainless 
mended value However, the piping of the recircula steel pipe plug. 
tion line can readily be improved Phe orifice should 
first be followed by a length of straight pipe ob at least 
Pain. to ISan \iter this, a Tee should be provided, as — this stainless steel plug which will have to take the brunt E 
shown on the attached Fig. 1, to lead back to the of the high velocity stream coming through the orifice A 
heater Phe Tee should then be followed by another The plug should have a very long life. At worst, it may ‘i 
length of straight line, terminating in another Tee or require replacement, but it is cheaper and simpler to i 
pipe coupling fitted with a stainless steel plug It is replace it than an elbow in the recirculation line Sy. 
NDICATOR INDICATOR SUPPORT MOUNTED ON GR 
KING 
~ 
SHAFT SUPPORT 
DIAMETRA. CLEARANCE 
1) SET DIAL INDICATOR READING TO ZERO wiTH 
WEARING RING HANGING ON MPELLER HUB 
LIFTING WEARING RIN@ AGAINST IMPELLER HUB 
WILL CAUSE INDICATOR TO SHOW DIAMETRAL CLEARANCE 


} ‘ \ Fig. 2—Two different types of wearing ring construction for a pump show 
sa. . SS / that the flat-type, ''A"’ left, permits a feeler gage to check on wear. The 
L type, "'B” left, requires the aid of a device such as Fig. 3 


Fig. 3—A dial indicator mounted on the impeller shroud and giving readings 
such as described in the illustration yields some information of wearing 
ring clearances 


QOUERSTION 
: The clearances at the wearing rings are measured by insert 


Our maintenance crew has found that the inspection o ing a feeler gage between the rotating and stationary parts. 


tistage axtally-split’ casing centrifugal Some other designs, however, are such that a feeler gage 


SOE oF ol 


if 


fripping the rotor cannot be used because the stationary wearing ring has alip 


pumps can be carricd out without 
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which overhangs the front part of the impeller hub. Is there 
any short cut method which would permit us to check clear- 
ances without completely stripping the rotor? 


ANSWER: 


I presume that in the first case you refer to a con- 
struction similar to that shown on “A,” Fig. 2 where 
the leakage joint is flat and therefore permits the inser- 
tion of feeler gage. Wearing rings of the L-type, 
shown on “B,”’ Fig. 2, of course prevent the insertion of 
the gage. It is still possible to obtain a reasonably 
accurate check of the diametral clearances in the follow 
ing manner 


a 


1. Mount a dial indicator on the impeller shroud (as 
in Fig. 3) and with the stationary ring resting on 
the impeller wearing ring hub, set the dial read- 
ing at zero. 


2. Leaving the dial indicator in position, push up on 
the stationary ring from below and make a record 
of the maximum dial reading. This corresponds 
to the diametral clearance. 

3. Repeat this operation for every clearance joimt and 
make a record of all readings. 


Obviously, if these readings indicate that the cleat 
ances have not changed appreciably from the imitial di 
mensions given in the instruction book for the pump im 
question, no further dismantling of the rotor is necessary. 

One note of warning, however: this short-cut method 
will the extent to which inl 
creased, but will give no indication as to the condition of 
In other the 
presence of burts, grooves or indentations caused by the 


disclose clearances have 


the adjacent clearance surfaces. words 


passage of foreign matter through the clearances and the 
resulting damage to the surfaces will go undetected 


Utilities Join With Coal People 
| A program sponsored by the Association of Edison research organization will attack both ends of a prob 
Iuminating Companies and Edison Electric Institute, lem involving the reduction of sulfur dioxide and other 
representing the investor-owned electric utility compa- contaminants in flue gas as produced and the reduction 
nies, and Bituminous Coal Research, Inec., representing of sulfur in steam coals prior to burning. At present, 
t the coal industry, to be conducted during a two-year methods for removing contaminants from flue gases are 
period beginning this summer, will be undertaken in the economically unattractive Phe research program wall 
laboratories of Bituminous Coal Research, Inec., the be supervised by a Joint Research Advisory Comiunit 
P national research association for bituminous coal. The tee, yet to be formed 
Blaw-Knox two-line type 
Cl 
amshell Bucket design 
: cuts handling costs 
Specially developed and built for handling coal 
y or coke, lightweight Blaw-Knox two-line type 
Clamshell Buckets get the handling job done 
Fs faster, because there’s less bucket deadweight, 
Many operators have found that Blaw-Knox 
Clamshell Buckets have enabled them to greatly 
increase the number of cars unloaded per day ms 
{ without increasing gross craneloads. An experi- 
z enced Blaw-Knox sales engineer will be glad to 
review your requirements and recommend the 


proper Blaw-Knox Bucket. 


WRITE TODAY! [Bulletin 2229 de- 
scribes the features of Blaw-Knox Buck- 
ets for handling lightweight materials. 


BLAW-KNOX COMPANY 
Blaw-Knox Equipment Division 
Pittsburgh 38, Pennsylvania 


BLAW-KNOX_> 
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Fig. 1—Off-site cr out-of-pile test facilities to enable checking all the process control and instrumentation of a water loop 
for the Idaho Falls, Idaho, reactor had to be fitted into tne cubicle area, above 


Hk new Engineering Test Reactor at 


Test Loop Probes 


supply a range of answers on reactor fuel 


f sample . placed im an in pile test section 
Oo New Reactors for study under controlled temperature 
pressure and radiation flux. While the 
Pest Reactor was still in the erection 
tave 1t was decided to ce velop and set 
up a test loop, off-site, upon which the 
functions of all proe ind control 
equipment the mstriumentation systems 
and the safety interlocks and alarms 
planned for the Test Reactor could be 
checked out Phe test facility consist 
essentially of a pressurized water heat 
exchange system and demineraliziny 
equipment Phis off-site test 
further, was to be run through tts paces 
at the site of 1ts imtial assembly and then 
dismantled and shipped by rail to 
Idaho Falls in a manner that permits 
ready re-assembly at the E TR site 
Phe Lummus Company Engineering 
Development Center, Newark, N. J.. 
was awarded the sub contract by Knolls 
\tomie Laboratory for this off-site test 
loop and delivery was made at the 
Idaho Falls site during the summet 
months. Lumuinus in its test loop simu 
lated the continements of the area 
assigned to the facility As a direct 
result the major loop components, Fig 
1, were crowded into the confines of a 


Fig. 4—Loop circulation depends upon four canned rotor pumps in series on a structural support. primary cubicle which extends as a 
Cans have been removed in photo and temporary cover plates installed for hydrostatic testing wedge from the reactor base Because 
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Fig. 2—Electrically heated pressurizer maintains loop pressure above the Fig. 3—Sensing lines from pressure tops and flowmeters meet at an instru- 
vapor pressure of the loop water and hence controls heater operation ment cabinet in the secondary cubicle with sliding gear doors to protect 
through a saturable reactor personnel 


it will be necessary to yet at the reactor perature within the pressurizer and water matic cutotfs built into the tem. The 
at almost any time the designers laid level is held by pumping demineralized pressurizer vessel is centritugally cast of 
out the major loop components within water into the main reactor loop. There 2! yan. thick stamle steel with sphet 
the relatively small are forming this are low and high level alarms and auto ieal heads 
wedge. In Fig. | vou will note the 
emergency cooling block valves are 
built for extension operators to protrude 
through a 24-in. magnetic block shield 
wall and the clearan ire such that 
the valve handwheels will overlap Phe 
test loop flow, incidentally, is controlled 
by the San. pneumaty ilve in the 
center of the phot 
Four canned rot 
series maintain the t mop circulation 
Phe stepwise arrangement permits align 
ing the discharge of one pump with the 


suction of the nes Lhe main loop 


piping to and trot 
ibove the four Phe inlet pipins 
ean be distingutsh n Fig. 4 bv the 
stainl teel joint thane hese 
flanges cart tube flowmeter 
between them yon receptacles hor 
thermocouple and conduit for lead 
wires are mounted directly on the struc 
tural steel 
Phe pressure within the loop must at 
Linnie ly | t { the vapor 
sure for the water | »y the canned 
or pumy Pha it 1S met 
the electrically heated p urizer, a 
it is called howins n the left back 


ground of Ft, nd featured in Fig. 2 Fig. 5—Signals from primary transmitters near the loop proper send signals to the 22-ft prefabricated 
Four external heater mamtam tem instrument panel, above. Serious alarms “scram” the reactor 
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GRAVER 


CONTRIBUTES TO 


D 0 W R 0 G E $ $ with advanced water treatment methods and processes 


Enrico Fermi Atomic Power Plant. First large-scale 
fast-breeder reactor in the United States. Built to 
produce steam tor commercial electric power and 
to advance research, To go into operation in 1960, 


Eddystone Station, Philadelphia Electric Company 
Largest supercritical plant in the world—highest 
temperature (1200 F), highest pressure (5000 
psig). To go into operation in 1959, 


Argonne National Laboratory, the Experimental 
Boiling Water Reactor. First reactor built to explore 
the commercial use of atomic energy. Now in op- 
eration, 


VISIT US AT THE POWER SHOW IN BOOTH 492. 


All three installations have in common not only unique water treatment 
requirements but also the incorporation of scavenger demineralizers. 
[hese units were pioneered by Graver Water Conditioning Co. to meet 
the ultra-pure water requirements of supercritical and nuclear power 
plants. Now Graver is offering them for use in sub-critical plants where 
they represent a major breakthrough tn problems of internal contamina- 
tion which are of concern to all power plants 

Our work in boiler feedwater treatment for sub-critical, supercritical and 
nuclear power plants shows the breadth of Graver’s contribution to 
power progress. Our pioneering of scavenger demineralizers for wide 
application is but one example of the research and development which 
goes on constantly at Graver to keep apace of this fast growing industry 
and to introduce new equipment and methods for the further advance- 
ment of the field. 


Water Treatment Dept. I-322 
GRAVER WATER CONDITIONING CO. 
Division of Union Tank Car Company 

216 West 14th Street, New York 11,N. Y. 
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Fundamental Concepts of Incremental 
Maintenance Costs 


By D. B. Zelenkat and R. H. Travers} 


Ohio Edison Company 


HE importance of the evaluation of imeremental 

maimtenance 1s increasing with larger generating 

stations. It 1s possible to make improvements in 
the heat rate of units as size, pressures and temperatures 
iInerease Likewise, it 1s possible to reduce operating 
costs through centralized control and automation. How 
ever, 1t 1s not possible to effect the same kind of reduc 
tions in maintenance costs. This 1s due to the fact that 
a power plant is essentially a heat transfer surface, o1 
wearing suriace, and that surface increases directly with 
the size of the unit. Thereiore, presuming no improve 
ments in methods of cleaning and repairing these sur 
faces, the man-hours required would increase almost 
directly in proportion to the size of the units. Main 
tenance engineers have done an excellent job of holding 
these costs to a mimimum by improving methods oi 
maintaining equipment. “There are, however, limits to 
the broad application of these improved methods due 
to the difference in equipment brought about by tech 
nological advances. Furthermore, automation and more 
complex steam cycles add to the maintenance expense 
due to additional instrumentation and controls, along 
with more heaters, fans, and auxiliary equipment. 


Maintenance Expense 


To illustrate this point, we will investigate one par 
ticular plant on our system. (See Table 1.) As a three 
unit plant, the relative distribution of costs is shown in 
Column A; with the addition of two large units, the rela 
tive distribution 1s shown in Column B 


* Originally scheduled for presentation at the AIEKE Fall General Meetin; 
Pittsburgh, Pa.. October 2+ 1958, as Paper No. CP 58 1508 but cancelled 
because of the hotel strike riginal title wa Fundamental Concepts of 
Incremental Maintenance Costs as Used by Ohio Edison Co 

*roduction Techmcal Engineer 

t Operating Results Engineer 
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The Ohio Edison System, which serves an area of 
approximately 8900 sq miles in sections of central and 
northeastern Ohio and western Pennsylvania, has 
eleven steam electric plants containing generating 
facilities of various ratings. This variety of equipment 
and a two-to-one relationship in coal costs along with 
a widespread transmission system, the authors believe, 


dictates a careful study of costs of delivered power. 


Another study ot production costs of the Ohio Edison 
Company in 1957 compared to 1951 reveals that operat 
ing cost (excluding fuel) inereased 20.5 per cent while 
maintenance cost mereased 25.5 per cent also 
demonstrates that maintenance expenses are mereasimg 


more rapidly than operating costs. 
Incremental Maintenance Cost 


The increase in maintenance expense is inevitable and 
with the emphasis now being given to econonue dispateh 
of power systems, the development of methods tor ce 
termining the imeremental maimtenanee cost is of m 
creasing mnportance 

Phe evaluation of imeremental mamtenanee has long 
been the enigma of any caretully developed econonmue dis 
patch program. There is general agreement that maim 
tenance costs are not totally imeremental, nor are they 
entirely fixed. The curves in Fig. | illustrate typical cost 
relationships and their effect on the merement 

It is impractical to determine mamtenance merement 
from a curve showing total or average mamtenanee cost 
versus output for any specific period of time, simee any 
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Fig. 1—Typical input-output cost curves and their effect on decrement cost 
curves 


data ob this nature give sporadic pattern \lain 


tenanee costs are deterred expenditures which do not 
eecur simultaneously with the conditions that produce 
them, thus accounting lor the sporadic pattern 

Phe actual value of incremental mamtenanece will also 
depend on the policies and practices followed by a par 


ticular company \mony those factors affecting this cost 
ire 1) Unit size relative to system load 2) Overtime 
practice Scheduled maintenance program 1) 
Vianming polices ») Contract work 

\ll these factors, and more, have a significant effect 


on that portion of mamtenouce expense which can be 
cousidered fixed and that which is meremental. Further 
more, the practices im a particular plant may (and 
hould) chanve wich time, as the demands and load factor 
on that pl mt change For ¢ xample the load factor on 
t particular plant decreases, one can no longer justify 
is many full tine maimtenance men. This reduction in 
foree reduces the fixed charges and may, through over 
tithe, prodtice labor charge S which can be consi red as 
meremental 

From the foregomg, it would appear that it is impos 
sible to recommend one solution of mamtenance increment 
Which would be appheable to all situations. We can, 
however, outhne some of the factors which affect this in 
erement. Each company will have to fit its program to 


bring about the lowest final cost for its particular mode ¢ 


ration 


High and Low Load Maintenance 


In the Ohio Edison Company, we are continually 
studying our economy loading program and the various 
factors of which it is composed. We are aware of cet 
conditions which imeur maimtenance; among those 
are extreme high loads and very low loads 

Some ot the conditions which create extra maimtenance 


when equipment 1 operated at high loads are | Super 
heater tube erosion Slagging. (3) Overheated tubes 
1) Stoker grate deterioration (6) Induced dratt fan 
erosion 


Sunlarly, the following conditions are among those 
Which create extra maintenance expense when equip 


thent Is operated it low loads: (1 \ir heater corrosion 
Mechameal dust collector stoppage 3) Turbine 
blade erosion 1) Condenser tube erosion ») Valve 


erosion (feedwater, boiler feedpump 

Several vears age, studies were made of the main 
tenance expenses of typical units which had operated 
under high load, or low load, prior to the scheduled main 
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Fig. 2—High and low load effects on input-output data and incremental data 


tenance outage so as to tsolate those maintenance costs 
resulting from such high or low load operation Low 
load decrement and high load increment costs were ce 

termuned See Fig. 2 From these studies sinular costs 
have been estimated for similar units and assigned ac 
cordingly. In all cases, conservative values were used so 
aus not to overstate the high load and low load portion ol 
mecremental mamtenanee These costs were first ealcu 
lated in terms of dollars per megawatt and were then con 
verted to equivalent Btu kwhr through the prevailing 


cost per million Btu of fuel See Fig. 5 


Increment Maimtenance Cost 
: Equivalent Incremental Heat Rate 
Fuel Cost 

or 
& @ MM, Btu 
Equivalent Incremental Heat Rate, kwhi 


Phe incremental high load equivalent heat rate was 
added to the high load increment and the low load deere 
ment subtracted from the low load increment when de 
signing the heat rate cards which are contained im the 
station simulator sections of our GEDA economic dis 
patch computer 

hese corrections imerease the slope of the increment 
curve as the load inereases. In the economic dispatch 
of the system this has the effect of imereasing the load 
from the minimum values sooner and also prevents the 
units from remaiming at the extreme high loads tor long 
periods of time. In our particular application, 1t results 
ina broader dispatch of load changes by minimizing the 
effect of flat spots in the increment cost curves which 


EQUIVALENT w AD MICE 


NCREMENT HEAT RATE BTL 


QUTPUT KWHR/HR 


Fig. 3—Equivalent correction to increment heat rate data resulting from high 
and low load maintenance 
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otherwise would require one unit to take the brunt of the 
load changes at Thus the 
regulation rate of response of the system is improved be 


certain system load levels. 


cause more units are participating in the loading program 
at each system load level 


Incremental Coal Handling Maintenance 


There are other maintenance charges which must be 
considered which can more accurately be deseribed as a 
function of the amount of coal burned. Among these 
charges are maintenance of pulverizers, coal crushers, 
bulldozers, unloading cranes, ash handling equipment, 
and coal conveyors, and these costs can be readily deter- 
mined. Fig. 4 relates the coal handling maintenance to 
high and low load maintenance and gives the net effective 
Curve C-C is the increment ot 
coal handling maintenance, which when corrected for the 


increment maimtenanee 


low load decrement and high load increment becomes 
Curve A-A 
tenance 1s Expresse d in terms of cost per ton of coal con 


In our program, the coal handling main 


sumed and is introduced into each generating unit’s in 
crement cost by the fuel cost dial settings on the GEDA 
computer 


Determination of Adjusted Fuel Costs for GEDA Computer 


Each month an analvsis is made of the current coal 
costs, heating values, 
data are 


charges which can be stated as a 


ind performance of the generating 


equipment combined with the 


mental maimtenanes 
function of amount of coal burned to obtain an effective 
fuel cost to be set into the GEDA Economic Dispatch 
Computer for each station on the system Table II 1s: 


tabulation of typical data involved in this computation, 


Conclusions 
(1) In modern large generating stations, maimtenance 
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Cost, 
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ly 
od 


17 09 
SO 


val to be burned for cach ey 


Column ‘‘*g is the sum of the delivered 
yperations handling cost per 
t per ton, such sum divided 


ratio 


ton, and 
indling co 


performance 


10 18.49¢/MM Btu 


WWW Ib Ton 1.922 Btu/ib X 1.0025 Column 
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HIGH LOAD MTCE 


LOW LOAD MTCE 


COAL HANDLING MTCE 


TOTAL MTCE COST $/HR 


OUTPUT KWHR/HR 


INCREMENTAL 
MTCE $/KWHR 


fe) 


NET EFFECTIVE MAINTENANCE 


Fig. 4—Relationships of various maintenance costs and their equivalent 
incremental values 


total 
makes 


expenses now represent a greater portion ol thy 


operating expenses excluding fuel, “This imerease 


the evaluation of meremental maimtenance 
nificant 
(2) Detaled 


which are known to be inmeremental im particular plants 


more si 


studies of those maintenance expenses 


provide practical methods of evaluation Phis can be 


done by analyzing separately: (a) High Load) Maan 


FOR GEDA (TYPICAL DATA 


Healy, 

( 
O. lh 


Adjusted 
Puel Cost, 
MM Btu 


noted that the perfor tially th 


ratio theoretical hourly imput om whi he inmeremer 
heat rate in the ee | 
inputs during a month 
isa Subject which could be covered in a sep 


t permit elaboration on these detas it tii 


miputer has bees ctual exper 


enced hourls operation 


3 , 
| 
| 3 
A 
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A 
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Coal Coal Oper 
Plant and Burned Cost, Haly si 
Cyel Btu tb S/Tont 
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Plant “B Rf 11.688 6.67 53 0.15 My 4 
; HP 11,539 6.67 O10 a4 vt 
Plant HP 7 02 27 46 003 O15 = 
Plant “D" RH 12 244 5.17 21.11 0.15 95 3 
Plant “EHP 109 O04 O15 IX 3S 
LP 12,169 109 04 25 4 70 
Next nt rdet 
Weighted on basis of estinated 
Phe adjusted fuel cost It 
cost per ton, inerementa 
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by the heating valucand the 
($4.20 + 80.07 + 30.15) 


Increment; (+) Low Load Maintenance Decre 


Maintenance Increment as a Function of Coal 


tenance 
ment: 
Consumption 
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Unique Water Table Solves Duct Design Problems 


Hie Buell Engineering Company, Ine., has devised 
a table” test procedure for studying 
the effects of inlet outlet 
upon air flow patterns within electric precipitators which 


water 
and duct arrangements 
ito mianulactures 

Phe eflicieney of these giant dust collectors ts affected 
by the the flow 
through the collector and hence it 1s desirable to design 
and bafiles for uniform distribution and 
Each installation is different in 


distribution and smoothness of yas 
ductwork, vane 
turbulence 
that ducts leading to and from the collector are designed 
to meet particular space situations and seldom are any 
two altke 

Buell first beg 
aid to achieving greater effectiveness from collectors im 
the field The the 
adaptation for design purposes 
sign is tested on the water table before final 


in utilizing its water table system as an 


system soon led to its 


and now all preliminary 


success ol 


ductwork ce 
design work is undertaken 
cent of the ductwork to and from collectors 1s laid out by 
cousultant, Buell reserving the right 


In this connection, SO per 


the customer or In 
of final approval since the gas flow pattern has such a 
marked effect on preeipitator 

Belore adapting the water table to general use, tests 
were conducted correlating water flow patterns with air 
flow patterns obtained in an actual duct. Results wer 
that the table data 


were reliable and subsequent field results have veritied 


sufliciently close to indicate water 
this contention 
X > 


end and an outlet 


oan. deep 
at the 


Phe water table consists of a 


table with a water milet at one 


Baffles in the path of the gases improve flow pattern 


Discharged water is collected in a tank located 
inl. 


other. 
under the table and is recirculated by means of a 
hp pump. Velocity is controlled by a valve in the 1-in 
inlet pipe and this valve is generally fully open. Changes 
in velocity do not greatly affect the flow pattern but 
sometimes it is desirable to study the pattern in “slow 
motion.” Strips of metal, 2 to 3 in. high, are arranged 
on the table on edge to form a cross-section of the pre 
» Or | in. to the foot. The 
cross section generally represents a vertical plane parallel 
to the flow through the precipitator. Horizontal dis 
tribution is generally sufficiently uniform, but vertical 


cipitator, to scale of about ! 


flow can extend into collector hoppers, set up eddy cur 


rents, and travel in strata at different speeds 

By trial and error, laboratory personnel have devised 
wavs of observing the flow of water. The best method 
found to date is to dye the water blue with ordinary 
bluing and then sprinkle it at the inlet with aluminum 
powder. This creates an effective pattern indicating flow 
characteristics 

Po extend the knowledge gamed in the laboratory to 
the Buell engineering and service force and, more im 
portantly, to make this information available to pre 
cipitator users, motion pictures are taken of the various 


\lso, 


various 


arrangements tried in solving a particular problem 
exposures are taken to indicate 
Phe flow patterns used to illustrate this 


tim results of 
arrangements 
article are time exposures, figures at bottom ot page 
This technique is considerably more economical than 
trial and error tests in the field or even three-dimensional 


laboratory tests 


Combined baffles and vanes give still better results. 
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By WALTER GRUCA 


Standard Forgings Corporation| 


HE author's company is a producer of miscellaneous 
steel forgings for railroad equipment, farm and road 
machinery manufacturers, and other industries 

utilizing this type of material. Most of the forgings are 

produced on steam-operated hammers, requiring an aggre 
gate steam producing capacity ot 2 10,000 Ib per hr Over 
the vears, the steam plant grew from an original installa 
tion of two boilers to a total of 29 boilers, of various 
capacities and relatively small size. Originally, the 
boilers were hand-fired 

In 1919, a major improvement in operating cost: was 
realized with the installation of a central coal-pulverizing 
plant and conversion of the boilers from hand-firing to 
pulverized-coal-firing. ‘This installation was still in use 
in 1957 when the first of the now existing 60,000 Ib per 

hr boilers was installed, permitting the retirement of a 

* Contributed by the Fue Division of the ASME for presentation at the 


ASME -AIME Joint Solid Fuels Conference, Old Point Comfort, Oct. 4 
10, 1958 as Paper Ne S Fu 2 
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Coal car hopper lies 450 ft. from the boiler plant. 
between so that a simple conveying system could not be designed. 


Design Considerations for Pneumatic 
Coal-Handling System 


Shipp ng 


4 
——4 


Railroad tracks, overhead cranes, other structures lie 
A pipeline, however, lent itself to such a task 


A 30-ton-per-hour-capacity pneumatic coal conveyer 
is described. Operating experience is discussed and 
design considerations are offered to eliminate diffi- 


culties experienced with this method of handling coal. 


number of smaller, less efficient boilers. Further addi 
tions to the boiler plant since then have resulted im the 
replacement of the old boilers with today's four 60,000 Ib 


per hr units. The net result is a considerably more 
cfhieient boiler plant with enough capacity for the mn 
mediate future. The first three large boilers were im 


stalled dependent on the central pulverizing plant tor 
fuel supply 


Changes in Pulverizing System 


In 1955, when plans were made for the latest: boiler 
addition, a study was made into the cecononne feasibility 
of converting the fuel supply system to the boilers from 
the central pulverizing plant to unit pulverizers at. the 
boilers. This study indicated that savings im fuel and 
labor costs justified the conversion and it was decided to 
install fuel storage and processing at the boiler plant 
Other indirect benefits realized by this change were the 
echimination of a fire and explosion hazard resulting trom 
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Fig. 2 The elevation view of Fig. 1 shows pneumatic pipeline runs 290 
ft. underground, rises 25 ft. to another horizontal run of 100 ft. in the 
boiler house 


Fig. 3 Three of the receiving coal hoppers in Fig. 2 


handhog large quantities of pulverized coal and a sources 


of car pollution \ major saving resulted from our ability 
to now use a lower grade and cheaper tuel 

Phe to mstall coal handling and processing 
it the boiler plant brought with it the problem of coal 
upply to the boiler plant Phe central coal- pulverizing 
mistallation was designed to receive coal im hopper cars 


md was well located with easy access to coal storage and 
upply Prackage to hold a maximum mumber of cars 
was avatlable im a location that caused no meonvemence 
to plant operation Phe boiler plant on the other hand 


was situated om corner of the plant area with limited 


trackaye which could be reached only by moving cars out 


tcompany area and over a heavily traveled public high 
wil \Iso, with the linnted trackage, moving and spot 
ting cars tor dumping would iivolve interference with 
plant shipping. in view of these considerations, it was 
decided to use the old car dumping hopper at the central 
pulverizing plant and convey the coal to the boiler plant 


Study of Conveying Methods 


Phas then led to a consideration of conveying methods 
\ conventional mstallation consisting of belts, eleva 
tors and other mechameal equipment was estimated at 
$115,000 because of the distance and elevation involved 
When the suggestion was made to convey pneumatically 
we were receptive to the dea because of the good expert 
enee we had with our then existing pneumatic coal con 
vevor Phe central coal pulverizing plant distribution 
system: consisted of a dan. pipeline using compressed air 
is the conveying medium which enabled us to move coal 
up toa maximum distance of SOO Tt with very little dith 
culty We realized that a great difference might exist 
between pneumatic conveying of raw coal and pulverized 
coal. But, after mspecting a few small raw-coal pneu 
conveyors and discussing operating experience 
with their operators, we decided that pneumatic convey 
ing of raw coal was practical, especially after we com 
pared mstalled costs. Our pneumatic conveyor cost S15, 
O00, considerably under the cost of a mechanical svstem 


Equipment Layout 


hig. | shows the physical layout of the equipment and 


iy. 2as an elevation \s can be seen trom the drawings 
the boiler plant is located approximately 450 ft. from the 
car hopper with railroad trackage, overhead cranes, and 
other structures between. Designing a simple conveving 


system around all of these obstructions was out of 


question. Installing a pipeline was a different matter. 
It was easy to plan a path that avoided interference and 
was another factor in our choice of the penumatic con 
veyor 

Phis conveyor is a pressurized type in that the con 
veyed material is fed into the conveying system operating 
it a pressure Ingher than atmospheri chm 
29,250 Ib of conveying air per hr is furnished by a 200-hp 
positive-displacement rotary blower Operating air pres 
sure varies from a minimum of 1.o-psi with no coal in the 
system to a maximum of 6.0 psi when conveving to the 
most distant hopper. Coal is discharged into the air 
stream by means of an ]S-1n. diam, 22-in. wide pocketed 
rotor with six pockets rotating ina closely fitting housing 
Phe pipeline is 12 in. diam with straight lenghts composed 
of O.76-1in, wall cast-iron pipe and bends made of 12-in 
0.50-in. wall standard steel pipe Pip lengths are joined 
with Dresser couplings except a few at valves or tanks 
which are flanged Steel pipe bends are made to a 6 ft 
radius. All bends at which erosion takes place owing to 
change of direction are backed with conerete cast imside 
of a sheet-metal box welded to the external radius of the 
bend 

Phe overall length of the pipeline is 160 ft frome the 
entry point to discharge at the farthest hopper Phe first 
ft are underground, crossing under two railroad tracks 
ind two null-type buildings where vanious manufactur 
my Operations are takiny place The pipe rises verti ally 
25 ft out of the ground at a third building and then bends 
to the horizontal for a run of LOL it in the boiler building 
On this horizontal run are located three switching or 
diverter valves by means of which coal flow 1s directed 
into any of tour coal-storage hoppers. The branching 
leads from this line elevate the coal to the top ol the hop 
pers, a distance of 41 ft finally to discharge into the 
coal hoppers From entry pomt to lust hoppe r, the coal 
travels a horizontal distance of 393 ft and rises 76 ft 


A Dust-Tight System 


With a conveying svstem of this nature, the coal 
hoppers are necessarily dust-tight with no openings to 
atmosphere except through a dust collector. All of the 
hoppers are interconnected to each other by 17-in. venting 
connections with one hopper receiving all of the vented 
ur oand discharging it through three-compartment 
bag-type dust collector Po assist air venting and pre 
vent excessive build up of air pressure in the coal hoppers 
a lo-hp exhauster draws on the dust collector and dis 
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charges conveyor air to atmosphere. The three-com 
partinent dust collector 1s continuously self-cleaning ; 
during conveying, one compartment at a time is damp 
ered off from the exhauster, a back flow of air is estab 
lished through a by-pass damper, and the bags are shaken 
by a bag-shaking mechamsm provided tor each com 
partment \n electrical timer controls the proper se 


quence Ol Opn ration 


Operating Sequence 


\t the entry point, coal is elevated from beneath the 
ear hopper by belt conveyor to a roll ring crusher which 
reduces coal down to maximum * ,1n. size. The pneu 
matic convevor was designed to handle this size of coal 
Beneath the crusher and above the rotary feeder a small 
surge hopper directs the coal to the rotary feeder and 
smooths out variations in coal flow from the conveyor 
belt Feed to the belt 1s by a reciprocating feeder trom 
the car hopper, and amount ol feed is regulated by a 
variable-speed drive on the reciprocating feeder 

Electrical interlocking is provided so that the equip 
ment is operated in proper sequence and the accidental 
stoppage of any portion ol the conveving circuit will shut 
dow ¢ nt ahead of it Phe sequence ol operation 
is as follows: the dust collector and exhauster are started 
first. next the convevor blower, then the rotary feeder 
followed by erusher, conveyor belt, finally the 
reciprocating feeder \ further satety) measure Is a 
pressure-sensitive switch to shut down the conveyor 
blower aud coal feed if system pressure becomes too high 
In addition, switching controls and indicator lights at this 
control pomt enable the operator to gage the amount ot 
coal in each bin and direct coal to where needed 

Phe accompanying illustrations show various parts ol 
the svstem. Fig. 3 shows the battery of three hoppers 
located adjacent to ¢ ich other with the fourth hopper 
out of the photograph at a point 65 ft to the right The 
riser pipes can be seen comimg up through the boiler 
house roof and extending to the top of the coal bins 
Phe wear-resisting backing on the bends ts plainly appar 
ent Phe dust collector on the right hand hopper 1S 
also in view. Fig. 4 shows a pair of diverter valves and 
the pipe bend turning upward ts the bottom of one of the 
risers in Fig. 5 Phe diverter valves are motorized and 
controlled remotely Fig. 5 is that of the positive 
displacement blower with conveyor control panel in the 
background Fig. 6 is a view of the crusher and feeder 
pit, the entry pomt ot the pneumatic conveyor The 


Fig. 4 Switching or diverter valves, such as the above, can direct the 
coal into any of the four coal hoppers, Figs. 2, 3 
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conveyor pipe at this point is 10 it below grade. Pig. « 
shows the control panel. The rotary switches are used 
to control diverter valves and bv means of lights mdicate 
when the valves are in position. Lights located im the 
hopper outlines on the panel board indicate low or high 
coal level in the individual hoppers 

Power to convey coal varies between 60 and 96 kw 
Phe conveyor uses 60 kw to convey coal to the closest 
hopper and 96 kw to the farthest. Power consumption 
varies from 2.0 to 3.2 kwhr per ton, depending on which 
hopper is being filled. Conveyor ar pressure Lot the 
shortest distance is 4 psi and 6.5 psi on the longest when 
conveving coal. Air flow is constant since air is sup 
plied by a constant-speed positive displacement blowe1 
except for variations caused by shp as pressure vartes 
Air flow is calculated to be 488 Ib per min, At this rate 
O.4SS Ib of air is needed to convey | Ib of coal 


Performance 


This conveyor system has proved rehabl It has 
delivered over S1,000 tons of coal im its 4 years ob opera 
tion and no boiler outages have been caused by 1t Phe 
basic design called for conveying a day's supply, up to 
150 tons daily, to the boiler plant im an S hr period of 
time with essentially one-man operation, With dry and 
flowing coal, one man Call Cars OVeT thre hopper 
with a car spotter, empty the cars, and convey the coal 
to point of use without any assistance However, during 
freezing weather with wet or frozen coal, we have found 
it necessary to assign a laborer to assist this man to empty 
ears, break up large frozen lumps ol coal so that thes 
will drop through the track hopper sereen and to clean 
up under our conveyor belt: where sticky fines 
from the conveyor belt tend to accumulate Wet coal 


Fig. 5—Positive-displacement blower—conveyor control panel in 
background 
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Fig. 6—View of crusher and feeder pit which is the entry point for the 
pneumatic conveyor, Fig. 1 


and freezing temperatures also cause us dithiculties at our 
entry point Phe pockets in the rotary-feeder rotor tend 
to fill with damp, sticky fines, which in turn reduces the 
volumetri capacity of the teeder Under these condi 
tions, either the volume of material passed to the feeder 
must be reduced or the conveying must be stopped and 
the feeder cleaned out by hand Phis abnormal condi 
tion is usually preceded by a prolonged period of wet or 
snowy weather followed by freezing temperatures. Coal 
aturated with surface moisture and conveyor operation 
in ambient temperatures of 15 to 25 F seems to be the 
condition causing this dithiculty \bove or below this 
range we have little or no difficulty Fortunately, there 
are not too many days of this sort in our vicinity. Inan 
eflort to correct this condition which seems to be caused 
by tines freezing to the feeder rotor, we have provided 
a hollowed design of rotor into which we plan to inject 
Steam im order to heat the rotor This rotor was in 
stalled last winter but we had no opportunity to try it 
While we had considerable dithculty with this condition 
m the winter of 1956 1957, last winter, 1957 1958S, we 
had very littl By the time we completed installing the 


steam line, the necessity for it disappeared 


Rotary Feeder 


\s mentioned above, the rotary feeder consists of a 
pocketed rotor mside of a closely fitted housing When 
new, clearance of the order of 0.005 to 0.010 1n. is provided 
between rotor and housing. As wear progresses, this 
clearance imereases and conveying air begins to leak 
through, imterfering with the proper teed of coal. Take 
up 1s provided, allowing the rotor to be adjusted closer 
to the housing. However, we found that with the cast 
iron maternal im rotor and housing and uneven wear on 
both of these parts, 4 to 6 months use was the normal 
lite of these parts. We have since salvaged the worn 
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housings by flame spraying the worn surfaces with stain 
less steel and welding hardfacing material to the rotors. 
The first of these salvaged units 1s now in operation over 
a vear and seems to be good for a longer term of service. 
In a new installation, we recommend that these parts 


be made of wear-resistant material. 


Pipeline 


The conveying pipeline will have a long lite. We 
originally estimated a life of 10 years but our experi 
ence to date indicates a longer life. The straight runs 
ol cast-iron pipe show very little wear rhe steel pipe 
bends with the concrete backing are also holding up very 
well The steel of the pipe at points ¢ xposed to erosion 
has disappeared but the concrete is resisting erosion very 
well. We have had wear beyond the concrete at two 
of the bends but a small weld repair quickly took care 


of this 


Diverter Valves 


Phe diverter valves are another source of maimtenanece 
\s designed, these valves consist of a round evlindrical 


housing with sides enclosed by bolted flat plates hese 
plates carry the bearings which support the diverter 
yute Phe gate is verv closely fitted between the plates 


and the intenor diameter of the evlindrical housing 
Corrosion on the plates and buildup of a thin laver of 
damp coal fines on the plates and interior diameter of the 
housing causes the diverter gate to stick to the point 
that the drive motor cannot move it. When this hap 
pens, our only recourse is to dismantle the valve, clean 
out the fines and reassemblk During abnormally wet 
weather we have had to dismantle at least one valve a 
week Phe diverter design 1s such that the gate must fit 
tightly to the side plates and housing to prevent leakage 
of coal and air, and since these surfaces are exposed to the 
stream of coal, corrosion and coating with coal fines 
naturally takes place. Our solution to this problem has 
been to redesign the gate so that it completely encloses 
the coal and air stream. With this design it 1s necessary 
to have a close fit only at the pot of contact between 
the gate and the evlindrical body and no contact be 
tween the gate and side plates. These can now be made 
with suflicient clearance so that corrosion or a laver of 
coal fines will not cause binding. Unfortunately, we 
have no practical experience with this design having only 
recently ordered the necessary material to make the 


change 


Dust Collector 


Since a pneumatic conveyor uses a considerable amount 
of air which must be vented, and since this air can carry 
a large quantity of dust, it follows that some form ot 
dust collector is necessary at the venting point In 
our case, the choice lay between a relatively inexpensive 
centrifugal dust collector or a considerably more ex 
pensive cloth-bag type of dust collector. Owing to the 
stringency of the air-pollution abatement ordnance in our 
locality we decided upon a cloth-bag dust collector. This 
type of collector does an excellent job in separating the 
dust from the air. However, in an area where local 
conditions permit, we believe a centrifugal collector would 
be more practical and less expensive to maintain. One 
unexpected condition we ran into with this conveyor 1s the 
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amount of moisture expelled with the venting air. While 
this is an excellent condition in predrying the coal and 
thereby improving pulverizer operation and increasing 
boiler efficiency, it did cause increased maintenance on 
The collector bags, particularly in 
the winter This did not prevent the 
free passage of air but did shorten the effective life of the 
The life we can expect from the 
cotton bags we use is two years. We had in mind to 
try other more Orlon or 
Nylon but so far have not done so. 
condition which increases the weight of the bags, it is 
important that the bag supporting and shaking structure 
This 
type of collector is usually designed for dry gas. We 
have had bag-support hooks break and supporting shafts 


the dust collector 


are always soggy. 


collector bags. best 


expensive materials such as 


Owing to this soggy 


be more substantial than ordinary design calls for 


bend from this condition 


Reliable Operation 


excessive 
We have 


times 


Plugging of the conveyor pipe because of 
moisture never happened with our conveyor 

conveyed considerable amounts of snow and ice at 
as well as soaking wet coal but it seems that once this 
material is dropped into the air stream it causes no dith 


culty at all. We have 


conveying evele and experienced no difficulty in clearing 


had power outages during the 


out the line and resuming operation once the power sup 
Only on two oceasions did we plug the 
Each 


time the cause was traced to improper reassembly of the 


ply was restored 
line to the point that the conveying blower stalled. 
switches on these valves which 


diverter valves Limit 


stop the gates in the proper position were misplaced, 
causing a partial discharge of coal and air into a branch 
which was supposed to be blocked off. Since suflicient 
air for proper conveying was not available, the coal was 


When 


an attempt was made to use this line, it was not possible 


dropped into the pipeline until the line was full. 
to operate the blower On the first occasion, not wishing 
to overload the blower motor, we partially opened the 
line by hand but on the second occasion we took the risk 
and found that the blower was capable of clearing the 
line without damaging the motor During these block 
a means for declutching the 
It would then 


ages, 1t occurred to us that 
blower from the motor would be in order. 
be possible to bring the motor up to speed before applying 
load. If a stream of air can be established through the 
blockage, the system can be cleared without any difficulty 
but with our rather large positive-displacement blower 
results 


small stream of at 


across-the-line starting, a 


in a serious overload. If provision is made to operate 
at a slow speed through a ship clutch this overload wall 
not One did but 


which we believe is necessary, is quick-opening access 


occur, item which we not provide, 


points located at suitable the conveyor line 
Such locations would be at entry point, at bends, and at 


This would simplify both imspection 


spots Gn 


diversion points 
ind maintenance at these points. 


Pulverizer Requirements 


Coal size degradation is not important to us since the 
final product is pulverized but where this is important, 
we would not recommend this type of conveyor. In our 
case, the amounts of fines and small sized coal at times 
caused us some difficulty with pulverizer operation, par 


ticularly with the pulverizer receiving its coal from the 
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Fig. 7 Pneumatic conveyer control center carries a picture story of 
rotary switch operation for each diverter valve plus coal levels in hoppers 


air venting hopper Phis hopper tends to receive an ex 
cessive amount of fine dust which in turn causes 
uncontrolled teed of fine 


condition 1s most acute when the pulverizer ts 


pulver 
Phis 


operated 


izer flooding by coal 
alter a prolonged shutdown and the hopper has accumu 
lated a large quantity of fines. However, by installing 
a curved cut-off plate over the pulverizer rotary tecder, 
we seem to have corrected this condition judging by the 
fact that no further flooding was reported. Individual 
venting dust collectors on each hopper would have pre 
vented this condition but for us it would have been an 
with the type ol 


If the less costly centrifugal collectors are per 


CXPCHSIVE solution dust collector we 
selected 
mussible, we recommend them on imdividual hoppers to 
accumulation of fine 


prevent the excessive 


Absence of Hazards 


Mire and explosion hazard with this conveying system 
At least, 
we have not had any ditheulty on this seore Wi 


in the tour years of operation 


seems to be mil 


every effort to climinate tramp iron at the entry pomt by 


providing a magnet over the feeding conveyor belt, a 


magnetic head pulley, and our choice of roll ring crusher 


was guided by the tact that this type of crusher sercen 


mnatenial passing through it and rejeets any material 


designed the 


which wall not through the screen 


Because we system for one man opera 


tion and in view of the distances aud clevations involved, 


gaging coal level accurately in the hopype rs Was Huiportant 
Diaphraym-type maternal levelsensing device 

to the rapid 


tlor 


to wus. 
tem 
tah 
vel mdi 
However, these are still 
probe 


did not operate well on our sy oOwilly 


variations of air pressures im the problem 


was solved by using clectromie |e Which care 
not affected by this 


subject to build-up of damp tine 


condition 
on the sensmy 


and must be regularly inspected and cleaned 


8° 
* 
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Sum of heat loss and insulation cost y=m +n 


A. File No. 37-A 


Annual heat loss—m 


Thickness of insulation 


Above graph shows thot 
as insulation thickness in- 
creases, insulation cost in- 
creases and heat loss cost 
decreases. The sum of these 
two shows the most eco- 
nomical thickness. Greater 
or lesser thickness costs 
more money. 


1%" nominal pipe size 


« Economic thickness curve 
Economic thickness design 


Insulation thickness—in 


In this example, graph 


shows that below 1000F 
700 900 1100 1300 


more insulation is justified 
Temperature of pipe—F 


than cold surface tempera- 
ture design indicates, Above 
1 OOOF less insulation would 


| 
‘ | be used. 


“COLD SURFACE” CRITERION WASTES MONEY! 


How J-M engineers determine 
economic insulation thickness 


to give you more for your insulation dollar Btu per unit area per hr; 3. Annual hours 


of operation: 4. Applied cost of insula- 
"9 wes Att cost of the operation should Here's how it works. The annual cost tion per unitarea: 5. Rate of amortization 
always be the determining factor in se of the heat loss through the insulation ts and required return on the tnsulation 
lecting imsulation thickness. Yet, millions plotted for various thicknesses. Also investment cost. Items 2 and 4 are avail 
of dollars have been wasted because of plotted is the annual cost of insulation able from the insulation manufacturer: 
rigid adherence to the cold surtace tem \ third curve is then drawn as the sum ot others are normally supplied by the 
perature method. When Johns-Manville heat loss and insulation cost. The eco plant engineer. 
insulation ws applied, J-M engineers care nomical thickness is found where this For more complete information, call 
fully determine which thickness will pro third curve reaches its lowest point or write Johns-Manville, Box 14, New 
vide the vreatest operational savings lo arrive at the above figures in a York 16, New York. In Canada, Port 
And this “economic thickness” ts usually given instance requires the following: 1. Credit, Ontario. Ask for reprint of tech 
more (or less) than the cold surlace Cost of heat production per million Btu; nical article “Select Economic Insulation 


method indicates. 2. Rate of heat loss through insulation in Thickness.” 


JOHNS-MAD LE 


Jouns-Manvinie 


PRODUCTS 
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Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: 
ration 


Sources, Properties and Prepa- 


Science in the Use of Coal. k 
Brown 182 (Jul 
briet ; un en of the pa 
the Conterence on 
held at 
Shetheld in April he Institute 
of Fuel 


coneerned 


Science in t e of Coal 


ection 

Physies and 

chemustry of | Preparation an 

reakaye oal Carbonizatio 
Combusti 


Pore Structure. 


Phe method 


ize and distribution of pores im coal 


and coke are deseribed and the ay plica 


I 
tion of this knowledge to the investi 


Mode of Occurrence of Chlorine in 
Coal. G. N. Davbell and W. J. S 
Pringle ( GOS, 37 (Jul 


Thermal Decomposition of Coal in 
High Vacuum. un, C. 
Ruof and H.C. H f 

37 (Jul 

Decomy l ut of di 
ferent rank lecular 
distillation appar iS has shown that 
the disti trom tl 1 with the 
tronygest vulutinati property 1 
richest 1 cular vht com 
ponen lth il udied failed 
to 
forma coh 
mental 
little 
pends on the 


doubt 


mole ul il 
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Optical Properties of Graphite and 
Coal. J. MeCartney ands gun 
QS, 37 (Jul 
mstants of vraphiite 

were determined and thei 
tudied 
retlectivit 


imation with metamorphism 
\ relationship between lo, 
ind H C ratio and a 

bsorption mdex and HC 


milar one bn 
tween a 
were observed, but the variation in the 
refractive idex with metamorphism 


was small 


The Infra-red Spectra of Coal and 
Some Coal Derivatives. W. der 
Hertog and N. Berkowitz el 
37 (Jul 3-7 | 


Desulferization of Coke-oven Gas at 
Appleby-Frodingham. |. 
Inst. Fuel V958, 31 (July) 24 
Phe pilot plant tor treating 2 
i fluidized bed ot 
1¢ crature ol 
hie ullided 
i current 


HOO SOO 


ind rec cled 


Heat: Cycles and Transmission 


Calculations of Heat Exchangein Com- 
bustion Chambers. |’ Ko Konak: 


Some Problems in the Theory of Heat 

Transfer in the Case of Laminar Flow 

of Liquids in Tubes. 1). 
S (Mar 


permit 

ol thre 
he mtluenee 
in the fh 
wall tempera 
pects el 


fist, 


Experimental Investigation of the 
Mechanism of Heat Transfer with 
Surface Boiling of Water. 


lep 

In Russi 

PS. No. 

Experimental work carried 

explain the mechanism of he 
with surface boiling of water 
high rate o transterres 
these 


result are presented in 


condition 1 deseribed 
me fittin 


been developed 


Steam Generation and Power Produc- 
tion 


Pulsating Pressure Fatigue Tests on 
Pressure Vessel Branch Connections. 
P. H. R. Lan ; 
5 (Jul 
Four different weldin 
interpenetrating and 
penetrating used 
thick 
pulsatin 
Phe tracture | 
bol the not tull 


not sompres 


Film Boiling on Boiler Surfaces. | 
Zielinski. Combustion 158, 29 (June 

Phe reasons for the 
filam Dealing on borer tub 
ited expermmentall 


found that, am ats 


having been out ol 
iter due to team plu 


vetted agam, bern 


The Influence of Surface Roughness 
on the Flow Resistance in Narrow 
Pipes. (©. Gra ind Laitl hen 


Choosing Draft Systems for Indus 
trial Boilers. (, er. 
102 (July) 9 


mt te 
ranstes 
nad thie 
under 
hie 
ind 
eraph 
in the early stages of decom 
position 
He Reactivity of cokes and chat sy 
inv welds Was weak 
O.1958, No. 4 (Ma From author's abstract 
ised) te measure the 
gation of combustion and carboniza 
tion processes 1s mdi ited 
( 
1 cl vil 
tia villi 
or scale 4 
\ ubstantial part of the chlorine in even at low heat thax It 1 
fields present’ as chlorine ton breaking off and the sudden contact 
| ttached to the coal substance by a bat tehe 
linkage with ton exchange properts consequent film ‘ ey 
Calcium and magnesium chloride heating and tube tathure ‘ 
Which appear in water extracts of coal Te ploes 
ire hown to be formed b In Russian 1) | = 
Me 
between carbonate minerals present Cl 
\ net 4 leulati 1, 
ind hydrochloric acid produced from method of ealeutats 
this ioni | change im boiler furnaces is outhned 
lent to from one third 1 t half of the tliddity ot Nakuradse 
total chlorine content tion for the flaw resistances 
From aut/ vas expermmentall eriied 
HO) (In Russian 
thickys Waiter teqiper 
Heat transfer in hydrod tie isi ite 
| } ture ol C under pore 
nanncall tabilived laminar flow 1 
discussed \ ceneral lution 1} | 
idvaneed tor the case where heat suy 
: rr tame decrease 1 
txtal heat conductivit : 
4 aye 1 ‘ 
heat transter. when tul 
ture and heat supply, re 
4 constant, is consider 
1] il nsidered 
COMMEETISON 1S mace ‘ thie 
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CRACKING Problems 
with 316 and 347 Stainless? 


HERE’S WHY: New CHAM- 
PION 16-8-2 Stainless Electrodes 
have a composition which has 
much higher hot ductility than 
any other grade of stainless. Pro- 
duces freedom from cracking in 
weld, zone of fusion, or parent 
metal. 


HERE'S WHY: Tests reveal that 
this composition is not subject to 
embrittlement on aging, and pos- 
sesses very good stress-to-rup- 


ture properties, 


Excellent mechanical prop 
erties are accomplished with 


CHAMPION 16-8-2 Welding 
Electrodes: 


Yield 
Tensile 


61,000 psi 
92,000 psi 
50% 

61.8 


Elongation in 2” 
Reduction of area 


freedom from CRACKING 


CHAMPION'’S ............-- 
16-8-2 Electrodes Offer 


HERE’S WHY: Lime type coat- 
ing deposits extremely clean, 
sound weld metal. Handles well 
in all positions. Low spatter. 
Easy slag removal. Smooth, even 
and finely rippled weld bead, 


The chemistry is closely con- 
trolled to produce less than 
4% ferrite in the deposit. 
Typical chemical analysis is 


as follows: 
Carbon .08 Chromium 16.19 
Manganese 2.24 Nickel 8.00 


Silicon .37 Molybdenum 1.79 


Other stainless 
of stainless eleetrodes 
lime or AC-DC coated. 


requirements: 


ina full diameter range from 5/64 


CHAMPION offers a complete line 


to 1/4", 


FOR FULL DETAILS on CHAMPION'S 16-8-2 or 


other stainless electrode 


Cleveland 5,Ohio 


D 


write to: 


The CHAMPION Rivet Co. .......... 


East Chicago, Indiana 


draft and pressurized furnace 
firing and the 


the latter 1s increasingly 


inced 
reasons are given why 
applied in the 

Pressurized 
only to 


fired 


smaller industrial botlet 


furnace firing is applicable 


pulverized coal, gas and oil 


furnaces, but its extension to traveling 


gyrate and spreader stokers with co 


tinuous ash discharge 1s under de 


velopment 


Optimum General Temperature for 
Regenerative Preheat of Feedwater. 
I). ID. Kalafati Te ploene elika 
5 (Mar.) 60-7 (In Russian 

An analytical investi 
of the 


Walter re 


ition 1s made 


optimum temperature for feed 
! 

preheating inl 

in 


taken 


venerative 


steam turbine sets, variation 
of the 


account 


CIE TE boiler unit 


inte Consideration 1s given 


to the optimum yeneral temperature 


in the where intermediate steam 


Cust 

prehe iting 1s used 
From 
Aug. 2) 


1958, 10 


The State of Steam Generator Tech- 
nique. H. Richter. Mitt, B. No 
4, 197-210 (In German 

of the data 
the V.G.B 


17€ 


June 


Phis second analysis 


contained in the tile of 


evaluates according to and 


bottler team parameters employed 


method 1) Type of super 


horizontal 


ind 


heater pendent or 


platen and or convection ry) re 


heaters steam ce superhe iter 


} flue gas exit) temperature 


High Pressure Metal Casings. 
Boiler Drums. J. Theodore. Sow 
1958, 12 May June 
French 

The steels 
ind steam pre 
on plate 
post-weld treatment, and inspection of 


used, drum dimensions 


ssure, acceptance tests 


s, forming, welding, pre- and 


welds are deseribed 


Furnaces and Combustion 


Development of the Pulverized Coal- 
fired Air Heater. kK sammert 
VDI.Z 100 (July 11) S41-50 
In German) 

The cde 
air heater for 


velopment of the coal-tired 
the Mw closed-cvyvcl 
plant at Ravensburg 1s 
details ot 


vas turbine 


at seribed and design and 


construction are given. Operational 
experience has been very satistactory 
tube failure has not occurred and the 
air temperature could be held constant 
C between one-quarter 
and full load. The designs of a simple 
air heater for a 6.6 Mw plant 
twin air heater for a 13.75 Mw plant 


the « data 


at 655 to 
and 


are shown and ssential 


tabulated 
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Research Tasks and Development 
Tendencies in Furnace Design. \\ 
Gumz Witt. V.G.B. No. 54, 1958 


(June) 180-97 (In German) 

\ broad review is presented of 
|) Present designs of stoker and pul 
fuel-tired 


burners, the ignition of low volatile 


verized furnaces and 
fuel, maximum temperatures in wet 
and dry bottom furnaces 9) the 
influence of flow conditions in burners 
and furnaces on tenition and combus 
lion }) the appheation of results of 
recent research in burner, furnace, and 


boiler designs 1) turther research 
ind development tasks 


Combustion Processes and Particle 
Motion of Pulverized Coal. Ss \ 
Bukhman. ZJ/svestiya Akademii Naut 
Kazakhskot S.S.R Power Industry 
Series 1956, No 1, FO SI (In Rus 
“lati 
Results of calculations and test data 
on the motion of particles of unchang 
ing mass and form contirm the possi 
bility of determining such motion im 
a stream with considerable accuracy 
motion calculation, variation im 
ol the art Mla be disre 
varded to 


the Mla ) a is 


oxXimation, and 
pherical 
Pests to determin urface rate of 
burning and the temperature 
of particles of carbon con 
the theor h sibility 4 
indicated of direct measurement ot 
the temperature falling burning 
particle by the photographie py 
rometer method 
From est 1958S, 10 


Auy. 2) 1958 


Experimental Study of Radiation of 
Pulverized Coal Flame due to Fuel 
Burn-out. \. A. Demin Tsvestiva 
lkademit Nau Aa 
Power Industry Sert 
S? 496 (In Russian 

The relationship of radiation to the 
burning characteristics of a pulverized 
fuel flame, when combustion, radi 
ition and temperature are measured 
\ quanti 


is studied 
tative relationship between the black 
1¢ factor of the flame and the degree 
of fuel burn-out is obtaimed It 1 
established that mecrease mm the exce 
‘air 1 mipanied decrease 
in the black or of the tflame uy 
toa certain utter which the lat 
ter factor remain fairl constant 
The deyu ndence of blackme lauctor 
f the radiation 
contirmed 

From 


Aug. 2) 1954 


Method and Apparatus for Heating 
Fluids. Oxy Catal t In Britiss 
Patent 79 


Lhe tem consist 
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Phe lower one contains a activity 
catalyst through which air preheated 
to 400-6000 F and a small quantity of 
fuel are passed to heat the air to 
1000-1500 F and where the catalyst 
bed undergoes litthe movement to 
prevent attrivion of the catalyst parti 
cles The highly preheated air and 
the major part of the fuel are passed 
under fluidizing conditions through 
the upper bed of the low activity 
catalyst (copper, silver, chromium) to 
obtain a temperature of 1000-1200 F 
and where the medium — tlowing 
through the tube bundles immersed in 
the bed 1s heated 


Water-Side Corrosion and Water 
Treatment 


Principles and Experiences’ with 
Modern Feedwater Treatment. k 
Freier Techn. Mitt. (958, SL (June 
44-7 (In German) 

\ brief review ts pre ented of teed 
Water specification uitable for all 
types of boilers, the methods available 
for altamimy these speciticeations, the 
modernization of older plants, and 
recent experiences with complete de 


mineralization plant 


Calculation of the Economics of Com- 
plete Demineralization Plants. 


THE GRIND YOU WANT 
day after day 


Regardless of hammer wear or condition of the coal, design and 


precision adjustments available to the operator have made Pennsylvania 
Reversible Hammermills noted for their ability to produce a uniform 


product at all times. These pin-point adjustments compensate for 


hammer wear and coal condition. Also, the crushing acaon keeps fines 


to a minimum. On entrance to the mill the feed is reduced by a prelim 


inary impact crushing action, preparing the coal so that there ts little 


dragging of hammers through over-size picces in the grate bar zone. In- 


cidentally, Pennsylvania Hammermills prepare coal in nearly every 


cyclone furnace installation in the world. 


For any coal reducing job, check with Pennsylvania because we make 


many types of coal crushers. Pennsylvania Crusher Division, West 


Chester, Penna. 


Pennsylvania 


reversible 
HAMMERMILLS 
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hi 
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“LOW LOAD wet coaL—> 


\ 


TOP LOAD 
SOOT BLOWING~ 


SPARKING YOLTAGE 


TIME 


IDEALIZED CONDITION AT (A) DECREASING VOLTAGE 


EFFECT OF EFFECT OF 
AEROTEC CONTROL CONVENTIONAL CONTROL 


IDEALIZED CONDITION AT (8) INCREASING VOLTAGE 


INSTANTANEOUS AUTOMATIC 
CONTROL MAINTAINS OPTIMUM 
ELECTRICAL PRECIPITATOR EFFICIENCY 


This new automatic system eliminates the undesir- 
able lagging characteristics of conventional spark 
rate controls. It is based on a voltage proportional to 
a current signal balanced against a constantly rising 
reference voltage. This ditference, used to control cur- 
rent input to the main transformer, constantly forces 
an increase in precipitator current. 

he diagram illustrates the fluctuation of the spark- 
ing voltage as a function of time. At (A) while the 
voltage uddenly drops, the conventional control 
samples the sparking rate and drops in incremental 
teps over a period of time. The Aerotee Controlled 


Voltape , however, drop almost instantly. The Aero- 
tee control also follows the sparking voltage rapidly | 


as it rises, while again it is seen that conventional 
control rises in increments, resulting in appreciable 

Acrotee pioneered many unique developments in 
electrical precipitation. Pocket type collecting elee- 
trodes retain dust particles more efficiently by pro- 

Unit is compact and 
viding a static area out of the path of flow. Advances provides easy access 
in power supply design produced the electronic, the to components. 
elenium and the silicon diode rectifier power systems 

and now, the Aerotee automatic control assures 
maximum eflicieney within safe sparking limits. 

For further information on these developments con- 

tact our Project Engineers, The Thermix Corporation. 


Project Engineers 
THE THERMIX CORPORATION 
Greenwich, Conn. 
(Offices in 38 principal cities) 


Canadian Affiliates: T. C. CHOWN, LIMITED, Montreal 
Manufacturers 


THE AEROTEC CORPORATION 


Greenwich, Conn. 


Brunne Witt. V.G.B. No. 54, 1958S 
June) 210-4 (In German 


Feeding of High-pressure and Super- 
critical-pressure Once-through Boilers 
with Chemically Desalted Water. 
N. V. Bulgakova, Z. V. Deeva, A. A 
Kot and K. A. Rakov. Elekt. Stantsti 
958, 29 (Mar.) S-12 (In Russian 

Pests were carried out on an expert 
mental once-through boiler in 1956 to 
iscertain the behaviour of salts im the 
boiler on feeding with condensate and 
chemieall desalting the mains water 
received Phe salt content of water 
ind steam was determined by ton 
exchange filters, and the silica con 
tent according to the blue complex 
of molybdenum siheate acid on a 
photoelectric calorimeter without ex 
traction Phe results of the tive 
made are set out in a table, suppe 
by six graph 

From 


Jul 


A New Development in Boiler Water 
Treatment. N. HI. Peters Stean 
1YDS, 27 (July) 327-51 

Phe treatment developed in cooper 
ition by LC. Ltd. and Alfloe Water 
lreatment Service to prevent seal 
formation in boilers and to make the 
ludge free flowing previouslh a 
cribed by J. A. Gray, E. F. Thurston 
ind L. Furnival, is recounted and 
results of applications in a wide vari 
ety of boilers and with very different 
waters are added \ mobility rating 
for the sludge has been established (1 

ry poor, & very good) and a formula 
for caleulating the characterist1 
of sludge is given If the mobility 
rating 1s bel magnesium is added 
o that the m: ium hardness in the 
water is at least three times the silica 
plus one-fifth of the calenum hardne 
freatment based on the formula has 
now been applied to 450 plants and 
where the specified conditions were 
inaintamed continuously, seale forma 
tion was neghgible (le than O.O1 im 
thickne and the sludge remained 
free flowing so that it could be readily 
removed with the boiler blowdown 


Corrosion and Water Treatment. 
G. Sinders Corrosion Tech. 
5 (July) 2oo-le, 224 

Certain water treatment methods 
actually imerease the corrosiveness of 
the water, but this can be greatly re 
duced by correct selection of pretreat 
ment and conditioning treatment \ 
number of corrosion inhibitors, espe 
cially organic inhibitors, are deseribed 


Theory and Practice of Boiler Water 
Treatment as a Means of Eliminating 
Corrosion and Scale. [. (Quaade 
Holm Corrosion Tech 1958, § July 


Causes of corrosion in botlet uch 
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as the presence of atmospheric oxygen 
and differential aer ition, are described 
and methods of feedwater treatment 
preventing corrosion and seale forma 
tion are outlined 


Magnetic Treatment of Liquids for 
Scale and Corrosion Prevention. | 
Vermeiren Corrosion Tech. 1958, § 
July) 215-9 

Phe apparatus used in the magnetic 
treatment of liquids is described, by 
Which the ervstallization of substances 
contamed in the water is promoted 


Phe treatment does not eliminate 
hardne ilts, but alters them physi 
cally and when this process is applied 
to boiler i very fine mud is formed 


which can be removed by blowdown 


‘*Pulsometer-Tett’? Water Treatment 
Processes. \nor Corrosion Tech 
5 (Jul 

Phe pulsometer filtering treatment 
of high! mluted and turbid water 
using specially activated silica in con 
Junction with other chemicals, is de 


eribed For the removal of amoeba 


and diatomaceou filters are 
used and for Itening the water, 1on 
exchanve resin made ot nthetu 


polymer 


Gas-Side Corrosion and Deposits 


Investigation on a p.f. Boiler with an 


BALLARD, SPRAGUE 
& THOMAS, Ine. 


ENGINEERS and 
CONTRACTORS 
Specialists in 
REFRACTORY 
CONSTRUCTION, 
REPAIRS, and 
PREVENTIVE 
VAINTENANCE 
for INDUSTRIAL and 
CHEMICAL PLANTS 
and PUBLIC. UTILITIES 


BOILER SETTINGS. BAFFLES 
FURNACES, INCINERATORS 
AILNS, REACTORS, ACID WORK 


. 
25 ast 26th Street, New York. N.Y 
MURRAY HILL 3-0401 
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tions and to wet the air blast properly 


effect on flue gases 
providing the furnace 
fixed equipment for 
in desilting water from the 
ation of deposits on the superheates 
sa separate problem, which 


by so redesigning 


sin tube walls, and by the 
of such walls 


of more depe 
and at less cost per pou 


Output of 60 75 t h to Establish the Wastage of 
Causes of Excessive Fouling of Ex- gas-side erosion 
ternal Heating Surfaces. Waterside corrosion 
Przemyslowa-Gospodarka 


desien or position or meorrect fuel to 
For substratum layers of agglomer air Contributory 


20-5, No. 2, 57 turn is due to 
screens and = super failure to take 
proportion of Si. in ence of the viscosity of the 
samples of agglomerates ranges up to eflect on. the 
The high proportion of How condition 
the oxidation of method used for remtroducing 
sthea and silicon sulphides reaching ash into the furnace 


Care must be taken 
to mix fuel with air in correct propor 


Glaubitz Witt 
(June) 156-00 


has an oxidizing 


Good results can 
fathure 


I re rorted 
against agglomes 


heat release rate 


was about 9O.000 Btu 


prevent excessive 
vas burner zone 


it, hr, and 10 ft 


Digest 10 
these high rates 


Tube Wastage in Slagging Furnaces. 2 per cent SiO 
of Operational Experi- cent Ca, and 
Bachman Witt. contirmed 


146-538 (In Ger trons that in 


release 


EXTRA YEARS 


ndable power 


TODD BURNER 


OIL, GAS, OIL-GAS 


TODD 


SHIPYARDS CORPORATION 


PRODUCTS DIVISION 


SALES AND SERVICE DEPARTMENTS 
Columbia & Halleck Streets, Brooklyn 31, N.Y 


PLANT, SALES AND SERVICE 
Houston, Texas 


by a reducing atmosphere which in it 


Mite 


Tube Failures in Oil-fired Boilers. 


in three ol and 
SO klb h, one 130 kib 


most exclusively 


Investigations showed that the 


zone 32500) Btu 
led ter thre le po 
of seale containing 
li percent Cu 


nd of steam 


tory lined tubes 
d corrosion and 
mainly caused 
er 
influ 
ind it 
thre 
é ind the 
the fh a 
In German 
caused by overheating 
red boiler two 
h. psi, SOO 
Which occurred al am 
burner 
should he ove’ iii the ol burner zome 
superheaters as t sq Pt, tar, an the 
temperature tbout 57,000 Btu sq 
that 
From (_E.G.B ha 
per 
er cent: Na 
No. O04, 1908 hich 4 
PONEN 
if 
| 
ts 
bes 
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posit be expected certam 
limit 1s exceeded It is hoped that by 
the installation of a complete demin 
eralization plant tor the makeup water 
ind by passing the condensate through 
i filter to remove the Fe and through 
cution exchanger and mixed bed 
filter 1 remove the Cu t furthes 
deposition ob se ile wall be prevented 


Low Temperature Corrosion in Oil- 
fired Steam Generators. Lam 


\ small traveling grate tired boiler 

tb bh pst) Wa converted to 
ind this resulted in rapid 
clogging and corrosion of the econ 
omuzer, despite (or because of) regular 
oot blowin vith steam \ change to 
vot blowing with compressed air (100 
psi) once a week entirely prevented 
clogyar ind reduced the rate ot cor 
rosion \ larger boiler (76,000 Tb, h 
HO pst) con erted to oil tirineg with an 
iddition of dolomite weight per 
cent Wil cleaned onl with com 
pre ed air once week ind howed 
neither clogging mor corrosion Lhe 
reasons for the advantagesof soot blow 
ing with air over steam are discussed 


Method for the Operation of Fur- 
naces and Improvements In or Relat- 
ing to Furnaces. [ritish Petroleum 


UNAFRAX 
CONSTRUCTION CO. 


Contractors and Engineers 


Design and Construction of 

Refractory and Insulation 

including gun placement of 
Refractories 


For 
Boiler Settings, Ash Hoppers, 
Industrial Furnaces of all 
types, Rotary Kiln Linings, 
and Incinerators 


Serving 
PUBLIC UTILITIES 
PAPER MILLS 
INDUSTRIAL PLANTS 
throughout the Nation 


405 McNeilly Road, Pittsburgh 26, Pa. 
LO 3-2431 


OIL BURNERS 


haue these 


7 ADVANTAGES 
coal 


They may be installed in practically aD 
types of pulverized coal burners, with 
these seven important advantages: 


@ They worm up ccld furnaces 


They ignite pulverized coal—safely 


@ They assure continuous operation 
in case coal system fails 


@ They provide efficient and safe 
operation on bank and at low loads 


@ They respond almost instantly to 
sudden load changes 


@ They permit cperation with oil or 
coal—whichever is available and 
lowest in cost per BTU. 


® All capacities of steam, air or me- 
chanical-atomizing types are inter. 
changeable 


The foregoing are only a few of the reasons 
why Enco oil-burners have been bought 
by a long list of leading industrial firms. 
Details of how Enco oil-burners can be 
adapted to your present pulverized coal 
burners will be gladly supplied — without 
obligation. Write The Engineer Company. 
75 West St.. New York, N. Y. 


‘ 


Combination cool 
and oil burner 
{Steam or air 
atomizing type) 


Combination coal and oil burner 
(Mechanical atomizing type) 


(Enco Burners) 


Co. Ltd., R. D. Wilsdon and L. kK. 
Rendle. British Patent 797,439, 15th 
March, 1956 

Phe patent related to the myection 
bh 


of ammoma (0.5 to 4 per cent 
weight of the total weight of sulphur 
in the fuel) at or below 500 C into oil 
fired furnaces to prevent low tempera 


ture corrosion 


Study of the Properties of Fly-ash 
Cement. M. Venuat. Rev. des Mat 


de Construction et de Trai Publics 
1957, No. S06 Nov In 
French) 


Pests were carried out on two sta 
tion ashes which were tested at dil 
ferent degrees of fineness They have 
replaced artificial Portland cement 
generally in the proportions of 25 and 
per cent sixteen mixes were 
tested and the strengths were found to 
be reduced only in the tnitial stages 
The same was the case with the heat 
of hydration Strengths are con 
siderably increased by the action of 
heat Positive conclusions are pre 
sented as regards improved pozzolani 
properties due to mulling Phe ash 
has the advantage of reducing shrink 
ave even when tinely milled 

From €(.4.G.B. Digest 10 
July 19) 1S4S 


Plastic Models Improve Dust Col- 
lector Results. \non Combustios 
1958, 29 June) 

Model tests b Research Cottrell 
have shown that) considerable im 
provements precipitater perform 
ance and reduction in fan power can 
be achieved by changes in the design 
of the ducts leading to the precipi- 


tutor Phe main object has been to 
reduce pressure loss and turbulence 
ind this has been obtained by avotd 
ing abrupt change im cre ection 
and the introduction of perforated 
plates, where position and open area 
ire both very important Example 
of the results obtained by these model 


tests are illustrated 


Heat Recovery Plant 


Specific Heat Rate of Heat Exchanger 
Heated with Hot Steam, Especially of 
Feedwater Preheaters. Kricx 
BWR 1958, 10 Tul In 
German 

Equations are derived tor the spe 
eitic heat rate and logarithmic tem 
perature difference of heat exchangers 
in which the media change’ the 
phase I he equations are ippli ible 
without limitations and are independ 
ent of temperature condition 


The Mean Temperature Difference in 


Multiple Heat Exchangers. H 
Chem. Ine. Tech 30 
June) 404 6 (In German 

\ new graphical method has been 
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worked out for calculating the mean 
temperature difference in heat’ ex 
changers in which counter, parallel, 
and cross-flow occur 


Damage to Wood in Cooling Towers 
by Chemicals and Organisms. II 
Hannig Witt. V.G.B. No. 54, 1958 
June) 161-5 (In German 

Damage caused in cooling towers by 
chemicals contained in the cooling 
water and by algae and fungi 1s de 
scribed and preventive measures by 
the impregnation of the wood with 
orgame and inorganic chemicals are 


mdicated 


Power Generation and Power Plant 


Reheat Practice in British Power 
Stations. I. H. Brown and 
W. H. Dore Stea 19E8, 27 
July) 338-42 

The reasons tor gradually mereasing 
the size of units installed in) power 
stutions, the steam | ure and tem 
perature, and for ¢ inv reheat in 
the latest umits ; ut and the 
problems introduced by these meas 
ures are discussed The design of 
furnaces, superheaters and reheaters 
their positions in the boiler and the 
control of uperhe ited and reheated 


team temperature ire considered 


ind (; Nicholson 
163 (Jul 
Pests on boiler turbine 


Unit Generating Plant. 


Re 


unit il from hot and 
rmal cold 

i hot 

ibeout 


onl 


perature 


Experience in Starting and Operation 
of High Pressure Unit Power Station. 
W. Nuastlet Witt 958, $1 
June 
Phe procediut worked out for the 


required 


iderabl 


Some Possibilities of Improvements 
in the Steam Power Process.  \\ 
Bolte 95S, 10 (June) 22 
In German 

Pwo possibiliti 
hermal etherer 


ponding 


uperheating 
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The remote gage 


EYE-HYE for pressures up to 600 psi EYE-HYE for pressures up to 3000 psi 


Put your boiler water level supervision on a 
plane with other power plant control facili- 
ties — read levels at your control station with 


Reliance EYE-HYE. 


The dependable accuracy of this popular remote 

reading indicator eliminates “boiler-climbing”; 

its bright green liquid-column image stands out 
— mistake-proof. And EYE-HYE’s improved 
design provides visibility over a wide arc — lower in| 
pressure models up to 90 3; new higher pressure The UNITEMP 


complete temperature 


models, to 180 


equalizing unt 
furnished 
each EYE HYE 
Ss imple manometric design, with no mechanical 


parts and no adjustments on location. Available 
with economical special attachment to actuate 
supplementary alarms... Write for catalog infor- 


mation on EYE-HYE for your boiler pressure. 


The Reliance Gauge Column Company 
5902 Carnegie Ave. « Cleveland 3, Ohio 


Reliance EYE-HYE 


Remote Reading Gage 


All-hydrostetic + Reads like tubular glass gage 


. 
. 
‘ 
| ith liquid indicati 
with liquid indication 
two hours. Observations are 
team conditions at the irbine inlet 
and the maxi : 

Tine 

from cold and atter a rt shut down ere 
ind for thi ut dow: the unit care 
et outain detail \\ nostartiny trom 
this can often be cor sal 
reduced 
sin the feedwater pre 
“| 
heating have recent been | 
‘ 
69 
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feedwater by flowing Materials and Manufacturing Processes Tube Materials with Different Ther- 


heating of the 
uperheated extraction steam of a Pp a mal Expansion Coefficients and Un- 
much lower pressure stage. Caleula 4 Fe ‘tic St J Syst M equal Moduli of Elasticity. \. Schil 
tions show that beth lead to a small are ler. Mitt. V.G.B. No. 54, 1958 (June 
mit acceptable merease thermal 176-S0 (In German 
ilt GB ) une ) 
efhiciens Further possibalitie ire in G Eequations are given for calculating 
‘ 
yiven by improvements im the stage Ml the stresses in joints of austenitic and 
av veloped two 
distribution of preheating m reheating ; ee eee eee ferritic steels It is shown that these 
kinds of joints: one for tubes below 
nstallation stresses are highest at room tempera 
,in, OD. and one for those above 
ture and diminish with inereasing 
For the smaller sizes a ferritic tube ; 
p lad operational temperatures Phe 
\ , l i th aust it st on the s 
Big Town Power. rant clad with austenitic stec 1 the inside stresses also decrease during operation 
(val Utilisation 1958, 12 (June ¥~22 isused. For larger tubes, two jointing 
as a function of time under the etlect 
Phe Consolidated Edison Coo sup tubes are used which are given a cont 
of creep 
phed in 1957 a 600 sq mile area ot cal shape and fit into each other so 
New York Cit ind Westchester that the austenitic part is inside and Stress Corrosion and Structure For- 
County with a population of S.S mil which are then pressure welded at a mation of Austenitic Chromium- 
lion with 15,400 mill) kwhr of ele suitable temperature in a die, followed Nickel Steel X8 Cr Ni Mo V Nb 
trict S000 mill eu ft of was, and by heat treatment Phe two parts 16 13. FE. Baerlecken and K. Lorenz 
HS mill kib of steam, consuming 6 may also be given a screw thread, Witt. ViG.B. No. 54, 1958) (June 
null tons of coal, 1 mall coal equiva though this has not proved essential 215-9 (In German) 
lent tons of of and 168.7 mall cu For use at a temperature above 500 C Stress corrosion cracks in austenite 
it day of natural ga [here are nine 1000 F) a thin nickel laver (30m) ts steel caused by accidental addition ot 
electric power station three ga interposed to prevent carbon diffu sodium chloride to feedwater were 
manufacturing plants, and six central on \ separation of the two steels investigated. It was shown that the 
team plant The total installed has not occurred in a large number of steel from one source containing less 
ipacity im 1957 was S717 Mw and tests curried out; im severe thermal nitrogen than that) from another 
the peak load of June 26 was 5460 hock tests, tine cracks have appeared source was more liable to stress cor 
Mw. The largest statioa at present 1 on the surface of the austenitic steel rosion and that the Nb C ratio was a 
Hudson Gold in Brooklyn, but the but this has in ne way diminished the secondary factor In addition to 
\storia station is plaaned for over strength of the joint. Ultrasonic test metallographic examination, the cor 
Mew of which two ISO Mw unit ing of the jointing piece is recom rosion behaviour of steels in fuming 
ire in operation and a third umit: ot mended HOC; mitric acid has proved a valuable 
\Iw is te start in the autumn ol indicator of the factors contributing 
Stresses in the Jointing Area of Two to the crack formation 


HANK, THE POWER SHOW SURE 
PAYS OFF. I'VE SEEN OVER 300 
EXHIBITS OF NEW PRODUCTS AND 
NEW COST-SAVING METHODS — 
AND DOZENS OF THEM HAVE 
IDEAS | CAN USE! 


YOU'RE RIGHT, ED. 
I'VE PAID FOR MY TRIP ALREADY 
-AND MET MORE PEOPLE THAN 
ANY TIME SINCE THE 
LAST SHOW! 


SOLUTION OF HYDRAZINE 


e Oxygen- 
e Scavenger | 


e for 


| e Boiler Water 


e Treatment | 


Bring Your Key Men and Shop For New Ideas at th | 


234 National Exposition of 


P 136 Liberty St., New York 6,N.Y. | 
Auspices of ASME | 
J. H. DeLamar & Son, Inc 

| 


New York Coliseum December 1—5, 1958 4529 No. Kedtie Avenue 


Plan now to attend. Register by mail today—there's no charge. 55, 
Write the Exposition at 480 Lexington Ave., New York 17, N. Y. Ask for pamphlet BW-7 | 


Management: International Exposition Company 


November 1958—C OM BUSTION 


( | 
— 
70 


Nuclear Energy 
World Survey. Anon 
1958, 3 (Feb.), 62-5 


Brief details are 


Vuel. 


listed of nuclear 
development in sixty countries, the 
name and address of the State Au 
thority principal officials and 
reactors commissioned or under con 


struction 


Technical Literature of 1957. Anon 

Vucl. Engng. 1957, 3 (Feb.), 70-7 
The review 1s divided into the fol 

lowing headings 1) Research reac 


3) trends in 


tors -) last reactors 
nuclear power 1) power reactors; 
general ; 


power reactors, 


yraphite moderated, gas-cooled; (7) 


yraphite moderated sodium-cooled 


(S) water moderated reactors 
bervllium moderated 10) ship pro 
pulsion 11) radiation hazards and 


personnel protection 12) reactor 
control 13) radiation shielding; (14) 
nuclear engineering in yveneral 15) 


books publishe d 


Atomic Review. Continuous Process. 
Anon /eneineeri 1958S, 185 (Feb 


\ summary ts given of papers pre 
sented to the January 1958S meeting of 
the British Nuclear Energy Confer 


ence dealing with disposal of fission 


Waste hazard vertent criti 
calitv in chemical plants and aqueou 


homoveneous re 


Corrosion in Nuclear Power Produc- 
tion. Harbourne 
Prev d Cont 95S, 5 (Jan | 


material 


(Cerrosior 


tor 
ictors 
rosion resist 
ests with wet and 
ind h been used for the 

fuel clement ilder Hall 
the sodium cool reactor it ms essen 
tial that the material 1s free 
urized water 
me of ats al 
the onl 


ull 


Fuel Elements for Use in’ Nuclear 


Reactors. United Kingdom Atom 


CT 1¢ 
rectanms 
dented 
Design of Six Boilers for Gas-Cooled 
Nuclear Power Reactors. |’ Otter 
102 (bel SO 


1 
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and their advantages and disadvan 


taves discussed 1) Cross flow steam 


venerator ”) a shell and tube steam 
venerator (3) bavonet-tube heat ex 
changer 1) U shell heat exchanger 
(5) kettle type steam yenerator 
vertical head down bayonet heat ex 
changer. 


Argonne Reactor Gives 1250 kW 
Dividend. Anon elect. World 1958, 
149 (Jan. 13), 47 

At the Argonne Experimental Boil 
ing Water Reactor (EBWR) it) has 
been found possible to imerease heat 
output from KW to 50,000 
and electrical output from 5000) to 
6250 kW 


the size of the generator) but without 


restricted to this value by 


withdrawing the control rods further 
than originally intended Phe water 
boils at a higher rate and flows faster 
with natural circulation and without 
pump assistance It is believed that 
output could be increased to LOO MW 
thermal and 25 MW electrical which 
would result in a reduction of power 
costs from 52 to 20 mills kWh 


Power Reactors Fuelled with ‘‘Dry”’’ 
Uranium Oxide. II. de Bruyn, B. | 
\. Van der Schee and J. J. Went 
Combust. Boil, Ilo. Nucl. Rev. 11 
Dec.), 550-61 

Studies made by a Duteh group on 
the use of a flow of uranium partic 
through a 
heterogeneous and a 
mdicated that the last 


type would have several attractive 


homogeneous, a quasi 
heterogeneous 
reactor have 
qualita Producing ligh tem 
perature steam without need to pre 


urize the reactor use of natural 


uranium im oxide form lngh con 
ersion ratio and possibility of breed 


Ing of thortum oxide 


Analysis and Testing, Research 


Precision Calorimetric Measurement. 
Pattison Research VWs, 11 


miques cmplo 


Determination of Pulverizing Proper- 
ties of Coal in an OR-VTI Apparatus. 
Kisele md Kondrat'eva 
le plocnervet GOs Juan 


Testing of Solid Fuels. Determina 
tion of the Composition of Fuel Ash. 


Schinit 


\\ Radmacher and W 
BrennstChemie 1958, 39 (June 
In German) 

Phe method proposed as standard 
for the determination of the tollowiny 
substances are desersbed im detaal | 
Sil) ABO ; hid) | 


5. Mey 6. NaO. 


Measurement of Steam Content in 
Flow. | 


Ragulin Te ploene 


Iwo new systems, using 
ters, for measuring the steam content 
Wm ou team water stream ure CNX 
amimed and test: results) considered 
Phe first 1s based on se paration ol thie 
nuxture and measurement of the dy 
namic pressures of the mixture and ol 
the dry saturated steam Phe second 
a non separating system, col it 


pipe along which the muxture flow 
and into which a delivery tube and 
dise are titted \s 


change thie 


absence ol 
phrase water is) evenl 
spread over the pipe ere ection and 
the disc measures only the output of 
aturated steam andis reckoned a 
a single pliase tem. the twe 
tems the non separating 
and better In fact, i the measure 
ment of steam content under unstead 
condition thre presence ob a separator 
and hydraulic seal bring tbout 
tortion 
From 


July ») low 


Annual Report 1957.0 ol 

British Coal Utilisation Research 
lation Leatherhead 
Phe report outlines rese 

outain the following, tield 

tic heating 

mall cham vrate 

heatinye ethene 

lire 

trial 

toker iui 


rit 


4 
velika Whos 5 (leb.) 51 In 
sian) 
4 
| 
2 
att 
at 
\ 
it 
ite 
reat) tramster and 
ie 
3 \ review ! tpparatu ind 1} md hol i! ates 
materials known ut rine, alkalis and sulphur 
producer practic Crasifieation 
Brit P Lith October eribed and results are gives die 
Phe tuel element is provided With a lvent extract 1 ‘ 
Which a 2o prepared sample of coal | 
is placed Pest pulverization as cat 2 
ried out by droppir rod dows 
wide tube on to the imple tres 
| predetermined height 
‘ ‘ ‘ 4 
Phe following are described ! 
7) 


Electric welded boiler tubing is used today by 
all of the leading manufacturers of boilers and super- 
heaters—stationary, marine, and locomotive—high 
or low pressure—and meets the requirements of 
government and commercial specifications. 

With recent changes in the A.S.M.E. Boiler Code, 


it's now possible to use electric weld boiler tubing at 


»yressures in excess of 2,000 Ibs. High strength” Grade 
£ 


C” tubes are available for even higher pressures. 


Uniformity of temper and wall thickness makes 
Standard tubes easier to roll for tight... sure fit. 


Standard’s fine, smooth surface eliminates any need 


to polish ends for tight fit. Even a microscope won't 
spot the exact location of the weld. 

Nowhere will vou find any more modern and 
Every length of Standard Boiler anid Pescause Tubing complete facilities tor precision manufacture and 
inspection of Boiler and Pressure Tubing than you'll 
find at Standard. 


For complete information on all Standard prod- 


is tested at pressures far beyond code requirements 
and can be readily bent or otherwise fabricated 


ucts and services send for free 8-page folder today. 


STANDARD 


Free 8-page folder on THE STANDARD TUBE COMPANY and 
all Standard products. MICHIGAN STEEL TUBE PRODUCTS DIVISION 
Wirite address below, 24400 PLYMOUTH ROAD . DETROIT 39, MICHIGAN 


Weided st ‘ j . Welded car ve nechanical . Boule nd Heat Exchanger 
hy e rund Nm Shure Steel 


hing OD te on OPS to u 
‘ ‘ OD 020 to 187 u 
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NOW KOPPER 
LEADS AGAIN 


by bringing you lower 
precipitator maintenance 
and operating costs with 


bonded pistons on 
pneumatic vibrators 


By eliminating the need for lubrication of the 
rapping mechanism in electrostatic precipitators, 
Koppers saves you many operational man-hours 
and maintenance costs 

This lubrication-free operation results from 
bonding a new wear-resistant material to vibrator 
piston surfaces. This special self-lubricating com 
pound, identified by Koppers as ‘‘K-30,”’ is com 
posed of Teflon’ and other wear-resistant ma 
terials that together provide a_ self-lubricated 
surface. 

Most rapping mechanisms demand _ regular 
maintenance to be trouble-free, but ‘*K-30”’ elim- 
inates this need and provides more _ reliable 
operation. 

Koppe rs research, backed by many years of ex- 
perience in the electrostatic precipitation field will 
help you tind the answer to your gas cleaning 
problems. Check with Koppers to learn how 
“K-30” can develop top efficiency in present or 
planned precip:tator installations. For more in- 
formation, write: Koprers Company, Inc., 4411 
Scott Street, Baltimore 3, Maryland. 


ELECTROSTATIC PRECIPITATORS 


Engineered Products Sold with Service 
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THE BAYER CO. 


Aunounces its 
supplying SOOT BLOWERS 
to the NATION'S BOILERS 


Agencies 


NEW YORK 
PHILADELPHIA 
CHICAGO 
CLEVELAND 
DETRO 
PITTSBURGH 
SEATILE 

ST. PAUL 

LOS ANGELES 
CINCINNATI 
INDIANAPOLIS 
CHARLOTTE 
BOSTON 
DENVER 

SALI LAKE CITY 
HOUSION 
KANSAS 
WASHINGION 
ATILANIA 
RICHMOND 
TULSA 
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YOUR LOCAL BAYER REPRESENTATINVI 


TOSERVICK BAYER S¢ 


Manufacturers of Bayer Soot Blowers 


4030 CHOUTEAU AVENUE . ST. LOUIS 10, MISSOURI 
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ADVANTAGES OF THE BAYER BALANCED VALVE SOOT iii 

For turther intormation on Baver Soot Blower ntact ti 
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DE LAVAL- STOECKICHT 


...for high speeds... high horsepower 


Proved in hundreds of installations abroad 
totalling over 3,000,000 horsepower—now available in America! 


For all high torque power transmission ? f ) 
applications such as pump turbo-generator 
Gat 


and compressor drives in industrial, 
municipal and marine installations. 


This cutaway view of the 

De Laval-Stoeckicht Planetary 

Gear shows how it provides 

flexibility for proper load 

distribution throughout the gear 
members. The thoroughly 

proved and tested design is completely 
reliable in transmitting high horsepower 
for high speed applications. @ Highest 
efficiencies (98% or higher) ...no high 


speed bearings ... less frietion losses. 


Check 
These Advantages: af 


Small Size — Light Weight Convenient Arrangement | Wide Application 


Compact—low weight per hp. Sizes range Co-axial or “in-line” arrangement Capacity range shown in 

from 22” to 46” in diameter, depending of gear members takes up far less shaded area on chart below. 
on horsepower requirements. Example: space than parallel axis gears For other applications, contact 
5000 hp planetary unit weighs 1700 Ibs. of equivalent horsepower rating. your De Laval Sales Engineer. 
against 6000 Ibs. for conventional gear. 


22” to 46 GEAR SELECTION CURVES 


OA 


HP PER RPM 


RATIO 
For further details, 
write for Bulletin 2400. 
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Sleam Turbine Company 


986 Nottingham Way, Trenton 2, New Jersey 
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APPLICATION: 
‘Forced ond induced draft tholonced draft 
_ and pressurized boilers), Available in double 


vou're thinking “arto” on vour next mechan 


clratt installation, think of American Blower. 


bor, the advanced desien ol American Blower 


bans provides a smooth mterworking of 


properly designed housing, streamline intets, 
and wheel component parts — which results in 
higher efherenes lowe) power Consumption, 
nonoverloadiae horsepower characteristh 


at possible to select a driving motor close 


to the tan horse powe 


hieh efficiency with low operating cost plus 


quicte! Operatlon the full Operating range, 
of the critical fan parts. In addi 


and loneer lite 


motor with standard WR* capacity is all 


tion, a 
that ts required, because of low Starting Inertia. 
Why not talk 


about 


sales 


knowl 


an American 


you 


ol 


valuable 


handling equipment can prove 
‘arest’ branch: oflice, 


Ame Pica 


to you. Call our me 


or write: American Standard, * Blowe 


Team this fan with American Blower Gyro/ Division, Detroit 32, Michigan. In Canada: 
hliid Drive and you have a unit which gives Canadian Sirocco products, Windsor, Ontario. 
* Asenicax Standard aod Standard ¢ trademarks of American Radiator & Standard Sanitary Corporation 


AMERICAN BLOWER DIVISION 
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| VOLUME: vp to 1,000,000 cfm. 
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BERGEN GETS 8 LUUNGSTROMS® 


... AND SOME REMARKABLE CUSTOMER SERVICE 


Public Service’s new Bergen Generating 
Station will be served by 8 large, horizon- 
tal Ljungstroms. Almost as important... 
the Ljungstroms will be serviced through- 
out their life by Air Preheater. 

What's special about this customer service? 
For one thing, it’s the considerable knowl- 
edge and talents of Air Preheater’s engi- 
neers. They have been involved in nearly 
every conceivable type of boiler/preheater 
problem. They’ve seen how these problems 
can be handled. And they can put this 
experience to work for operators of 


Ljungstrom air preheaters. 

Your Air Preheater engineer also makes 
regular calls to check the operation of 
every Ljungstrom — for as long as it’s in 
service. (This now includes installations 
dating back to 1923.) 

So, when you select a Ljungstrom, 
you’re never entirely on your own. You 
continue to be the responsibility of a com- 
petent Ljungstrom engineer and benefit 
from his experience and knowledge. 
Maybe that’s why 9 out of 10 preheaters 
sold are Ljungstroms. 


THE AIR PREHEATER 
CORPORATION 


60 Bast 42nd Street, New York 17, N.Y. 


Thirty-five tons of Ljungstrom rotor being low- 
ered into place at the new Bergen Generating 
Station at Ridgefield, N. J. (When the heating 
elements are installed the rotor will weigh 
150 tons.) This is one of eight preheaters being 
installed by Public Service Electric and Gas 
Co. to serve two boilers each evaporating 
1,900,000 ibs of steam hr. The first boiler is 
to be fired early next year. Anticipated pre- 
heater outlet temperature is about 275 F 

Public Service is one of the first Northern 
utilities to use large-size horizontal preheaters 
They have nine such horizontals in operation 
at their Linden Generating Station and have 
ordered eight more tor their new Mercer Gen- 
erating Station 


MEASURED COAL MEANS FUEL CONTROL 
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JAM-PROOF BELT FEEDER has brake 
; equipped motor liver exe ha w 
stream of al itorm break 
away insuring high accuracy. Feeder 
available with endless belt 
Conforms to U. S. Weights and Measures H-44 for your protection 
H-39 


AUTOMATIC COAL SCALE 


Built for worry-free performance—year after year! 


At coal-fired installations the world over, dependable Richardson 
Automatic Coal Scales are a standard method of checking boiler 
efficiency and fuel economy. 
The H-39 is available in two sizes: a 200-pound model, with hourly 
capacity of 20 tons, and a 500-pound model, with an hourly capacity 
of 40 tons. 
Consider these advantages: 
@ COAL CAN’T “ARCH” in feeder or weighing hopper. All Richardson 
H-39 models have extra-large (24"x24”) inlets for free move- 
ment under all conditions. 


@ NO DUST PROBLEMS — all! parts positively dust-sealed. All elec- 
trical equipment is totally enclosed, mounted outside dustproof 


housing. 
@ MINIMIZED CONDENSATION PROBLEM — exhaust vents at each 
end for natural or forced air circulation. 
EASY ACCESS through doors mounted in removable plates. 


RUGGED, DURABLE CONSTRUCTION means /asting accuracy. Extra 
corrosion-resistant stainless plating. 


heavy steel frames, 
For detailed information, write for Bulletin 0352-A. 


MATERIALS HANOUNG BY WEIGHT SINCE | MATERIALS HANOUNG BY WEIGHT SINCE 1902 | 
RICHARDSON SCALE COMPANY « CLIFTON, NEW JERSEY 
Sales and Service Branches in Principal Cities (4 44 


Also manufactured in Europe to U.S. standards 
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@ Longer Service Life 
@ Lower Maintenance Costs 
© Saving Installation Time 
© Smaller Inventory of Refractories 


R&I, pioneer and a leading pro- 
ducer of castab!e refractories, offers 
MOLDIT. 


With Moldit—mixed as ordinary 
concrete—you pour, cast or gun 
your own refractories in any size 
and shape, fast. There's no ram- 
ming or pounding. No _ high-cost 
Ashpit of large coal-fired boiler completely 


gunned with R&I Moldit Records show 
tain, not a single repair required in 11 years of 


inventory of special shapes to main- 


constant service 

MOLDIT LASTS—outlasts the rest. 
It's stronger, more resistant to ther- 
mal shock and abrasion, impervious 
to moisture. Plant after plant re- 
ports reductions of as much as 
90% in repair and maintenance 
costs when Moldit Castables replace 


other refractories. 


Gunning a 52° thickness of Moldit Chrome 
Refractory on a boiler floor for maximum 
resistance to molten slag Such floors have 
been in service for 6 to 7 years without 


a failure 


FOR EVERY REQUIREMENT 


There are Moldit Refractory and Insulating 
Refractory Cements for all requirements 


Send for catalog on Moliit Castable 
Also get the story on R&I Super — 3000, the 
truly wonder refractory bonaing mortar 


REFRACTORY & INSULATION 
CORPORATION 


124 Wall Street - New York 5,N. Y. 
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Takes rough-tough jobs 


im stricle ADVANCED DESIGN DYNACURVE FAN 


In the Clarage tradition of heavy-duty con- 


struction, here is induced draft equipment 
ollering numerous advantages: 
36 radially deep, aerodynamically curved 


blades impart dynamic energy to the gas 


stream which is effec tively directed to achieve 
low lip speed operation, 

U nique shape of blades and rims minimizes 
shock losses and turbulence helps extend high 
eth lency ovel wide performance range, as- 
sures low moment of inertia (WR>). 

\dvanced design of wheel and housing re- 
duces floor space and height requirements fon 
low first cost, low installation cost. 

Special design and rugged construction of 
the wheel assures long service life and low 
maintenance cost, 

Learn more about this stand-out fan in the 
induced draft field. Request ( atalog OOD cov- 


ering Clarage Type DN Dynacurve Fan-. 


Dependable equipment for making air your servant 


Kalamazoo, Michigan 
SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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DIAMOND 
MULTI-PORT 
GAUGES 


MODEL MP-3000 SHOWN In use and on order 
For boiler pressures to 3000 psig for over GAd- Goo SI5 
For both new and old boilers . 

Central Station 

Generating Plants 


SMALL ROUND PORTS INSTEAD OF LONG 
GLASS AND MICA STRIPS 


GAUGE NEVER REMOVED FROM BOILER FOR GASKET 
CHANGES OR OTHER NORMAL MAINTENANCE 


STEAM SHOWS RED 
Also available 


for boiler pressures 
to 900 psig 


ONLY ABOUT 15 MINUTES 


EACH PORT THERMALLY INDEPENDENT 


Because the Diamond Multi-Port solves the Advantages of the Multi-Port are many. 
problems inherent in water level gauges on In addition to those shown above, it has 
boilers operating at high temperatures and maximum thermal stability for rapid start- 
pressures, it has had rapid and wide accept- ing...''Hi-Lite’’ illuminator for improved 
ance. In addition to the 2000 for central readability . . . welded construction for per- 
station generating plants, more than 185 manent tightness ...end stems can be 
have been sold to industrial power plants. furnished instead of flanges... startling 
reductions in maintenance costs. 


Write for Bulletin 1174 (Model MP-3000) 


or Bulletin 2044 (Model MP-900) for more 
_ De information. 


DIAMOND POWER SPECIALTY CORP. 


LANCASTER, OHIO . DIAMOND SPECIALTY LIMITED — Windsor, Ontario 
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THE WESTERN PRECIPITATION 


CONTROL 


BY FAR, 

the 
Industry’s 
Most 
Advanced 
Precipitator 
Contro/... 


We ACCURACY! The Transistomatic’’ does not 


base its ‘‘sensing’’ action on spark frequency alone—or spark intensity alone. 


In the electrostatic precipitation of dust, fume and 
fly ash, no installation is completely modern 
without automatic control to maintain optimum 
Precipitator efficiency as the characteristics of the 
gas Stream fluctuate. Compared with manual 
control, automatic control is not only 

more sensitive and more efficient, but actually 
costs less because of the vital savings it makes in 
labor and operating costs savings so important 
that no profit-minded operator will want 

to he without them 


But the important point to remember is this — 
Although many manufacturers of precipitation 
equipment offer units for precipitator automa 
tion, no other unit is equal to the ‘Transisto 
matic’’ Control for foolproof simplicity, rugged 
dependability or control accuracy! 


These are not idle claims. They can be easily 
verified by making your own comparison... 


A DESCRIPTIVE BOOKLET 


that gives further information 
will gladly be sent on request 


Write, wire or phone our nearest office! 


Instead, it continuously integrates BOTH frequency and intensity to establish 


an overall ‘power value’ that provides a new standard of control accuracy! 


Compare DEPENDABILITY! The “Transistomatic’’ unit 


contains no parts of any kind requiring regular replacement. Moreover, 


the entire unit is completely sealed—moisture-proof and watertight. 


Compare GUARANTEES! The “Transistomatic”’ 


foolproof and trouble-free it carries a lifetime guarantee! 


BEFORE YOU BUY ANY automatic precipitator control, be sure 
to get the complete ‘Transistomatic’’ story. A folder is available iat 
giving additional data. Or see your nearest Western Precipi- * 


tation representative for further details! 


WESTERN 


PRECIPITATION 


RPORATION 
i Me and Faupment tor the Pr Industres 
LOS ANGELES 54 - NEW YORK 17 + CHICAGO 2 - PITTSBURGH 22 - ATLANTA 5 - SAN FRANCISCO 4 
Representatives in principal citres 


Precipitation Company of Canada Ltd., Dominion Square Bidg., Montreal 
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